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INTRODUCTION 

TO  THE  THIRD  EDITION. 

IN  order  to  render  this  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formulae, 
experimental  coefficients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
these  additions,  will  render  the  book  still  more  useful 
than  before,  to  meet  the  ever-varying  requirements  of 
the  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  1843,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  New  formulae  are 
given  for  finding  the  discharge  from  syphons,  flood- 
sluices,  and  tidal-sluices.  The  practical  formulae  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 
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At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coefficient   of 
discharge  for  weirs  is  noticed.     This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost,  which,  being 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.     There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  sunk  orifices.    The  coefficients  when  in  thin  pLr 
with  large  cisterns,  have  nearly  the  same  general  value, 
•615  to  '628,  for  both,  and  it  tends  to  confusion  to 
adopt  in  one  place  a  coefficient  for  a  correct  formula,, 
and  in  another  a  coefficient   for  an  incorrect    one  ; 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.     I  may  here  observe  how 
very  general  the  coefficient  of  two-thirds,  and  there- 
abouts, is  for  all  orifices  and  notches ;  likewise  for  the 
useful  effect  derived  from  the  application  of  water 
power ;  as  well  also  for  the  relation  of  the  velocity  due 
to  the  fall  and  the  velocitj"  of  water  wheels  to  give  a 
maximum  result.     The  modifications  of  coefficients, 
dependent  on  the  position,  thickness,  form,  and  ap- 
proaches of  an  orifice,  are  as  yet  little  understood  by 
the  profession.     The  defects  in  the  ordinary  formula 
when  the  velocity  of  approach  has  to  be  considered  HIT 
pointed  out  in  pages  88  to  124,  and  it  is  to  be  regretted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  effec- 
tive power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
•supplied  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formulae  and  coefficients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
From  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  very  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  follow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have  accordingly  made 
considerable  use  of  their  labours  in  Section  XIV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
and  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience  ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  from  the  cross 
section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  in  an 
irregular  channel,  where  the  depths  and  velocities  vary 
•considerably  in  the  same  cross  section,  and  where  the 
cross  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  to 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections,  determining  the  cross  section  and  mean  velo- 
city of  each,  and  taking  the  sum  of  the  results  for  the 
flow :  which  may  be  checked  off  by  like  admeasure- 
ments on  a  different  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  to 
pond  water,  above  a  waiter-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  effect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — unless  for  the 
drainage  of  capital.  In  November,  1849,  in  connexion 
with  a  paper  on  the  Benburb  Mills  and  AVeir  case, 
page  283,  I  drew  the  attention  of  the  Institution  of 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  weirs  on  the  Shannon,  for  navigation 
and  drainage  purposes.  The  "Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  those  works — rather  the  injury  they  do — has 
since  become  patent  to  all;  and  after  an  expenditure 
of  about  £600,000,  an  Act  has  been  passed  for  the 

*  This  paper,  although  read  at  the  special  request  of  the  President, 
then  Chairman  of  the  I'.oard  of'YTorks.  and  ordered  t<>  be  printc.'.. 
not  appear  in  the  T.  .  but  its  substance  afterward--  became 

the  nucleus  of  our  First  Kdition.     The  Commissioner  of  Draina-. 
one  of  the  Viee-Prcsident.--,  and  the  author  a  Member  of  Council  al 
time. 
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outlay  of  another  £300,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £300,000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  counties,  without  having 
had  any  control  over  its  expenditure. 

Since  the  Report  of  the  "  Commissioners  of  Inquiry 
into  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  396,  397,  and  398,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasury  Mi- 
nute, 24th  June,    1853,  drainage   works  have   been 
carried  on  under  a  better  system.     The  riparian  pro- 
prietors  of  the    Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  Public  Works,  and  to  see  after  and 
protect  their  special  interests.     The  system  of  execut- 
ing works  solely  by  or  under  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful,  and  has  not  given 
satisfaction.     When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers, 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value  ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1853  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shannon,  or  for  piers,  harbours,  and  other  works,  are 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
and  fair  control  over  their  execution,  the  better  for  the 
Stata  and  for  all  parties  immediately  interested. 

The  TABLES,  from  I.  to  XIV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  TABLE  I., 
which  contains  the  well-known  coefficients  of  PONCELET 
and  LESBROS  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  original  experi- 
ments ;  the  formula?  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formula?, 
particularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Buat's  well-known  formula  is  frequently  misprinted ; 
and  in  a  hydraulic  work,  \/d—'l,  one  of  the  factors,  is 
printed  \/d—  *1  in  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulas  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  kind  frequently  becomes  fixed ;  and  when  ap- 
plied to  practical  purposes  erroneous  formulae  get  the 
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correct  ones  into  disrepute.  See  note  to  formula  (91), 
page  218. 

The  TABLES  of  velocities  and  discharges  over  weirs 
and  notches  have  been  calculated  for  a  great  number 
of  coefficients  TO  MEET  DIFFERENT  CIRCUMSTANCES  OF 
APPROACH  AND  OVERFALL,  and  for  various  heads  from 
^th  of  an  inch  up  to  6  feet.  TABLE  II.  embodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
"  theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formulae  (45),  (46),  (45a),  and  (46a),  for  calcu- 
lating the  effects  of  the  velocity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  88  to  114,  as  well 
as  TABLE  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  through- 
out SECTION  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  TABLE.  The 
hypothesis  from  which  formulae  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  TABLE  V.  is 
calculated,  was  framed  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  A  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formulae  (44«),  (45a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  cd,  infinite  results,  when 
A  —  c ;  and  results  much  too  large  in  practice  as  the 
values  of  A  and  c  approximate.  As  the  values  of  the 
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coefficients  for  (45f/)  and  (4Qa)  can  be  immediately 
deduced  from  the  last  two  columns  of  that  TABLE,  by 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primary 
coefficient  cd,  as  pointed  out  in  the  text,  the  resulting 
or  SECONDARY  coefficients  for  both  sets  of  formula?  can 
be  compared  with  much  advantage. 

TABLE  VII.  of  surface  and  mean  velocities  will  be 
found  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  TABLES  at  pages  270  and  271  being  for  a  mean 
width  of  100  feet,  will  be  found  perhaps  more  generally 
applicable  to  river  channels  than  TABLES  XI.  and  XII.,. 
for  a  mean  width  of  70  feet.  The  TABLES  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
short  cylindrical  pipes.  The  formula  (119A),  page  230, 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 


channel  is  h  =  \  —  |  X  —   in  which  the  value  of  m 
\  in  /        r 

for  feet  measures  may  be  taken  from  the  Table,  page 
231,  with  reference  to  the  velocity  v.  The  loss  is 
therefore  directly  as  the  length  of  the  channel,  directly 

as  I  —  )  ,  and  inversely  as  the  hydraulic  mean  depth 
\  w  / 
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— which  is  one-fourth  of  the  diameter  for  a  cylindrical 
pipe.  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter 
remained  constant. 

The  Statistics  of  rain-fall,  and  of  catchment-basins 
have  not  yet  received  the  full  attention  which  the  sub- 
jects deserve.  The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,  temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to, 
The  connexion  of  the  rain-fall  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the 
middle  districts  and  at  the  sources,  noting  the  geology, 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absorption,  and  evaporation  in 
any  climate  can  be  answered.  The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as 'the  average  mean  dis- 
charges, and  the  maxiniums  and  minimums  of  these 
also,  before  the  physical  connexion  of  climate  and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.  Heretofore  obser- 
vations, even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent 
physicists  in  connexion  with  our  drainage  works.  Mr. 
Sjinons  is  now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  SECTION  XIII. 
will  be  found  of  use  ;  they  are  intended,  however, 
more  as  guides  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
•of  the  differences  between  estimates,  cost,  and  value, 
and  how  they  are  affected  by  changes  of  time,  locality, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail ;  but  the  discrepancies  between  estimates  and 
•cost,  even  under  the  same  circumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adopting  for  this  edition  a  moiv 
convenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
.and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
I  am  indebted  to  Mr.  11.  Field,  Westminster,  for  some 
observations  and  corrections,  which,  coming  after  the 
text  was  printed,  I  have  only  here  to  thank  him  for, 
having  made  use  of  them  in  the  errata. 

JOHN  NEVILLE. 

DUKDALE, 

1S75. 
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ON   THE 

DISCHAEGE    OF  WATEE 

FROM 

ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 


SECTION  I. 

APPLICATION   AND   USE    OF   THE    TABLES,  AND  FORMULA. 

To  find  the  velocity  of  a  falling  body  from  the  height 
fallen,  or  the  height  fallen  from  the  velocity. 

RULE. — MULTIPLY  THE  SQUARE  ROOT  OF  THE  HEIGHT 
IN  INCHES  BY  27*8,  AND  THE  PRODUCT  WILL  BE  THE 
VELOCITY  IN  INCHES.*  To  FIND  THE  HEIGHT  FROM  THE 
VELOCITY,  SQUARE  THE  VELOCITY  IN  INCHES  AND  DIVIDE 
THE  SQUARE  BY  772'84,  THE  QUOTIENT  WILL  BE  THE 
HEIGHT  IN  INCHES.  See  equation  (1).  TABLE  II., 
column  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  "  altitudes,"  or  the  height  from  the 
velocity,  directly. 

EXAMPLE  1. — What  is  the  velocity  acquired  by  a 
heavy  body  falling  %th  of  an  inch? 

In  the  Table  opposite  to  £th  of  an  inch,  found  in 
the  column  headed  "  altitudes  h,"  is  found  9*829  in 

*  The  square  root  of  the  height  in  feet  multiplied  by  8 '025  gives  the 
velocity  per  second  in  feet ;  and  the  square  of  the  velocity  in  feet 
divided  by  64 -4  will  give  the  height  in  feet.  The  decimals  may  be 
omitted  in  applications  for  engineering  practice,  and  the  multiplier  8 
and  divisor  64  only  used. 
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column    1,  for  the   required  velocity,  in  inches   per 
second. 

EXAMPLE  2. — What  is  the  velocity  acquired  by  a  fall 
of  II  feet  3  inches? 

Opposite  to  11  feet  3  inches,  as  before,  is  found 
323*007  inches,  for  the  velocity  required. 

EXAMPLE  3. — What  height  must  a  heavy  body  fall 
through  to  acquire  a  velocity  of  4Q^  feet  per  second? 

Here  40£  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
25  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486*301.  The  difference  '301  corresponds,  very  nearly, 
to  f  ths  of  an  inch  in  altitude,  and,  therefore,  the  true 
head  according  to  the  rule  would  be  25'  5f " ;  but  for 
all  practical  purposes  the  difference  is  immaterial. 

By  means  of  TABLE  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  all  heights  from  -j-^-o 
part  of  an  inch  up  to  40  feet,  can  be  found,  and  the 
heights  from  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  n",  and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  3,  or  n,  the  square 
root  of  the  divisor,  will  give  the  velocity  required. 

EXAMPLE  4. — What  is  the  velocity  acquired  by  a  fall 
of  45  feet? 

45 
—  =  11'   3",   the   velocity  corresponding  to  which, 

found  from  the  Table,  is  323-007.     Hence,  323*007 
x    V4  =  323*007    x    2  =  646"'014  =  53'  10//-014  is 
the  velocity  per  second  required.     The  reverse  of  this 
example  is  equally  simple. 
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Columns  3,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  in  the 
Table,  give  the  values  of  \/2,gh  multiplied  by  the 
coefficients  therein  stated.  These  columns  will  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
SECTION  III.,  and  also  of  those  in  TABLES  I.  and  V., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  columns  referred  to. 

EXAMPLE  5. — What  is  the  discharge  from  an  orifice 
4  inches  by  8  inches,  the  centre  sunk  20  feet  below  the 
surface  of  a  reservoir  1 

From  TABLE  II.,  is  found  430*676  inches  equal 
35*89  feet  for  the  theoretical  velocity  of  discharge  : 

hence,      -..      x  35*89  =   q    x  35*89  =  7*976  cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
inner  arrises  next  the  water  in  the  reservoir  be  per- 
fectly square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from  TABLE  I.  to  be 
•603.  The  true  discharge  then  is  7*976  x  '603  = 
4*809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circumstances  of  its 
position,  the  reader  must  refer  generally  to  the  follow- 
ing pages.  If  in  the  example  just  given,  the  arrises 

B  2 
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next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coefficient  would 
increase  from  '603  to  *974  or  "956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  "With  the 
former  the  discharge  would  be  7*976  x  '974  =  7*769 
cubic  feet,  and  with  the  latter  7*976  x  '956  =  7*625 
cubic  feet.  The  latter  results  may  be  found  other- 
wise from  TABLE  II.  With  a  head  of  20  feet  and  the 
coefficient  '974,  the  velocity  is  419*48  inches  =  34*957 

2 
feet ;    hence,    the   discharge   is   Q   x  34*957  =  7*768 

cubic  feet.     With  a  coefficient  of  *956,  the  velocity  is 

2 
411*73  inches  =  34'31  feet,  and  ^    x  34'31  =  7*624, 

cubic  feet.  These  results  are  the  same,  practically, 
as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 
be  from  18  inches  to  2  feet  long,  the  orifice  will  be 
converted  into  a  short  tube,  the  coefficient  for  which 
is  *815.  With  this  coefficient,  and  a  head  of  20  feet, 
find  as  before,  from  TABLE  II.,  the  mean  velocity 
of  discharge  351  inches  =  29*25  feet ;  hence,  the 

2 

discharge  now   is    A    x    29*25    -  6*5  cubic  feet  per 

second. 

The  velocities  in  inches  per  second,  given  in  TAT.I.KS 
II.  and  VIII.,  or  elsewhere  in  ike  following  paget,  may 
be  converted  into  velocities  in  feet  per  minute,  l>y  multi- 
plying by  5;  equal  ^. 

EXAMPLE  6. — The  discharge  from  a  small  orifice 
its  centre  }jlaced  10  feet  below  the  surface  of  a 
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reservoir  is  18  feet  per  minute,  what  will  be  the  discharge 
from  the  same  orifice  at  a  depth  of  17  feet? 

The  discharges  will  be  to  each  other  as  VlO  :  Vl7, 
or  as  1  :  \/T7  ;  or,  from  TABLE  III.,  as  1  :  1'3038, 
whence  the  discharge  sought  is  equal  1*3038  x  18  = 
23-4684  cubic  feet. 

EXAMPLE  7.  —  What  is  the  value   of  the  expression 

(  c2        )  i 

ca  \  1  +  —5  —  in  equation  (45),  when  cd  =  '617, 

(.          mf  —  c\  ) 

and  m  =  2  ? 

c2d  -6173  -3807 

'6       3  2      ~  .3   -       .  = 


whence  the  first  expression  becomes  equal  to   *617 

(1-1052)^  equal,  from  TABLE  III.,  '617  x  1'0513  = 
'649,  the  value  sought.  TABLE  V.  contains  the  values 
of  this  expression  for  various  values  of  cd  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice  ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  '617 
in  the  sixth  column,  '649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  the  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
found  directly  in  TABLE  V.  The  usual  methods  for 
finding  the  effects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  SECTION  IV. 

EXAMPLE  8.  —  What  is  the  discharge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface,  and  the  lower 

edge  13  inches? 

2 
The  expression  for  the  discharge  is  «  x  A  V  2  g  d 


+  r*  "  y     e(iuation  (43)>  ™  which  take 

d  =  9  inches  ;    ht  =  4  inches  ;    A  =  17  x  9  =  153 
square  inches  ;  and    V2  #  d,  found  from  TABLE  II.  = 

83*4  inches.      Also,  -^  =  '444,  and  hence  the  value  of 
d 

(1-444)1  _  (-444)1  -  (from  TABLE  IV.)  1'44. 
Assuming  the  coefficient  of  discharge  to  be  '617,  then 
the  discharge  in  cubic  inches  per  second  is  equal  to 

-  x  153  x  83-4  x  -617  x  1-44  = 

o 

I  x  12760-2  x  -88848  =  7558. 

d 

Consequently,  =  4'374  is  the  discharge  in  cubic 

1728 

feet  per  second.     From  equation  (6.),  the  discharge  is 
equal  to 

?-  x  -617  x  27-8  x  17  x  {13^  -  4*} 
o 

But  13^  -  4"  =  46-872  -  8,  from  TABLE  IV.,  equal 
to  38*872,  whence  the  discharge  is 

I-  x  -617  x  27-8  x  17  x  38'872  =  11-4351  x  17  x 
o 

38-872  =  194-3967    x   38'872   =  7557  cubic  inches 
=  4-374  cubic  feet,  the  same  as  before. 

It  is  shown,  equation  (31),  that  by  using  the  mean 
depth  for  orifices  near  the  surface,  the  discharge 
will  approximate  very  closely  to  the  true  discharge, 
nnd  tlint  even  for  weirs  the  error  will  not  r\cc  .-d 
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6  per  cent.  The  discharge  is  then  expressed  by 
•617  V  2  g  x  8£  x  9  x  17  =  (from  TABLE  II.) 
50-01  x  153  =  7651-53  cubic  inches  =  4*427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  8|-  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (31),  h  =  d  very  nearly ;  and, 
therefore,  this  result  must  be  multiplied  by  *989,  as 
shown  in  that  equation ;  then  '989  x  4*427  =  4*378 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  TABLE  VI. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

The  discharge  from  an  orifice  near  the  surface  may 
always  be  found  with  sufficient  accuracy,  for  practical 
purposes,  by  measuring  the  head  to  the  centre,  in  the 
same  manner  as  if  the  orifice  were  sunk  to  a  consider- 
able depth ;  then  by  applying  the  corrections  given  in 
equation  (31) ;  or  if  the  orifice  be  circular,  those  given 
in  equation  (28) ;  sufficient  accuracy,  according  to  the 
correct  formula,  is  obtainable. 

EXAMPLE  9. — What  is  the  discharge  from  a  circular 
orifice  4  inches  in  diameter,  having  its  centre  placed  4 
inches  below  the  surface,  when  the  coefficient  of  discharge 
is  '617  ? 

The  area  of  the  orifice  is  4  x  4  x  "7854  =  12*566 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  '617,  is  34*31 
inches,  whence  the  discharge  is  12'566  x  34*31  = 
431*139  cubic  inches  =  '2496  cubic  feet  per  second, 
or  14*97  cubic  feet  per  minute.  By  means  of  TABLE 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 


THE  DISCHARGE    OF   WATER  FROM 

found  very  readily  when  the  velocity  (34*31  inches  per 
second)  is  known.  Thus, 

Inches.  Cubic  feet. 

For  a  velocity  of    30'00  the  discharge  is     13'089 

„  „  4-00  „        „  1-745 

•30  „        „  0-131 

•01  „         „  0-004 

34-31  „        „          14-969 

By  applying  the  coefficient  found  from  equation 
(28),  which  is  *992,  when  the  depth  at  the  centre  is 
twice  the  radius,  as  it  is  in  this  example,  *992  x  14*97 
=.  14*85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  in  125. 

The  application  of  TABLE  VI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Eesuming  "EXAMPLE  8,"  the  discharge 
may  be  found  from  this  Table  for  each  foot  in  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  minute,  when  the  coefficient  is  * 617  for  a  notch  1 
foot  long  and  13  inches  deep,  is  223*323 ;  and  for  a 
notch  of  4  inches  deep,  38*116;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  223*323  —  38*116 
=  185*207  cubic  feet  per  minute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

jn,  and  the  product  262*377  is  the  discharge  in  cubic- 
feet  per  minute  ;  this  is  equal  to  a  discharge  of  4*373 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  finding  the  dis- 
charge from  rectangular  orifices  near  the  surface. 
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EXAMPLE  10. — What  is  the  discharge  in  cubic  feet 
per  minute,  from  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  3  inches  below  the 
surface,  and  the  coefficient  of  discharge  '628  ? 

From  TABLE  VI.  the  discharge  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  153'353,  and 
for  a  notch  3  inches  deep,  25*199.  The  difference,  or 
128'154,  multiplied  by  2|,  will  be  the  discharge 
required;  viz.  2£  x  128-154  =  320'385  cubic  feet 
per  minute. 

EXAMPLE  11. — The  size  of  a  channel  is  2'75  times 
the  size  of  an  orifice,  what  is  the  coefficient  of  discharge 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  '628  ? 

From  TABLE  V.  the  coefficient  is  found  to  be  '645, 
when  the  approaching  water  suffers  full  contraction, 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

for  this  case,  -        — -,   =   n  „,,   —  *36.    Hence,  there- 
'  channel         2'75 

fore,  multiply  2'75  by  *857,  which  gives  2'36  for  the  ratio- 
of  the  mean  velocities  in  the  orifice  and  in  the  channel 
approaching  it.  With  this  new  value  of  the  ratio  of 
the  channel  to  the  orifice,  find,  as  before,  the  value  of 
the  coefficient  from  TABLE  V.  which  is  '651.  The 
remarks  throughout  the  work,  with  the  auxili ary  tables, 
will  be  found  of  much  use  in  determining  the  coeffi- 
cients for  different  ratios  of  the  channel  to  the  orifice, 
notch,  or  weir,  and  the  corrections  suited  to  each.  If 
in  this  example, — other  things  being  the  same, — the 
alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to- 
be  considered,  it  would  be  found  from  the  Table, 
column  4,  to  be  '672  instead  of  '645  found  in  column 
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3,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxiliary 
tables  at  the  end  of  SECTION  IV. 

EXAMPLE  12. —  What  is  the  discharge  over  a  weir  50 
feet  long ;  the  circumstances  of  the  overfall,  crest,  and 
approaches,  being  sucli  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  the  water  in  the 
weir  basin,  6  feet  above  the  crest,  is  17|-  inches  ? 

TABLE  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  to  6  feet.  It  is  divided  into  two  pails  ;  the 
first  for  "greater  coefficients,"  viz.  '667  to  '617  ;  and 
the  second  for  "lesser  coefficients,"  viz.  '606  to  *518. 
The  coefficient  assumed  being  '617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  17j  inches,  is  found 
to  be  348'799  cubic  feet  per  minute ;  hence  the 
required  discharge  is  50  x  348'799  =  17439'95  cubic- 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
through  this  work.  The  valuable  Table  derived  from 
-M  r.  Blackwell's  experiments  will  also  be  of  use ;  but 
the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  from  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  true  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measured  on  the  crest,  the  small  Table  of  coefficients  in 
i  ION  III.,  applicable  to  the  purpose,  will  be  of  use. 
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EXAMPLE  13. — What  is  the  mean  velocity  in  a  large 
channel,  when  the  maximum  velocity  along  the  central 
line  of  the  surface  is  31  inches  per  second  ? 

TABLE  VII.  gives  25'89  inches  for  the  required 
velocity,  and  for  smaller  channels  24'86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  from  the 
maximum  central  velocity,  the  latter  must  be  multiplied 
by  -914. 

The  velocitj"  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
f  water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hollow  balls  connected  with  a  link,  the 
lower  being  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  found,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  linked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easily  found  by  a  simple  proportion ; 
but  the  result  will  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitot's  tube,  Woltmann's  tachometer,  the 
hydrometric  pendulum,  the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity  ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
I  instrument,  and  are  not  so  correct  or  simple,  for 
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for  measuring  the  velocity  in  open  channels,  as  a  ball 
and  linked  balls.  In  general  the  surface  maximum 
velocity  can  be  found  b}r  throwing  in  a  rag-weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  30  to  100  feet  or  more, 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the  velocity  so  found  by  "83  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections,  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  '91. 

EXAMPLE  14. — What  is  the  discharge  from  a  river 
harliKj  a  surface  inclination  of  18  inches  per  mile,  or 
1  in  3520,  40  feet  wide,  with  nearly  vertical  bank*,  and 
3  feet  deep  1 

The  area  is  40  x  3  —  120  feet,  and  the  border 
40  +  2  x  3  =  46  feet ;  therefore  the  hydraulic  mean 

19ft 

depth  is    —  =  2'61  feet  =  2  feet  7'3  inches.*    With 
46 

this  and   the  inclination  we  find  from  TABLE  VIII. 

28-27  +  2'75  x    l—  =   28'87   inches   per   second  = 
6 

28'87  x  5  =  144*35  feet  per  minute  for  the  mean 
velocity;  hence  144'35  x  120  =  17,322  cubic  feet  per 
minute  is  the  required  discharge.  For  channels  with 
sloping  banks  divide  the  border,  which  is  always  known, 
into  the  area  for  the  hydraulic  mean  depth,  with  which, 
:md  the  surface  inclination,  find  the  velocity  by  TAI-.I  i: 
VIII.,  and  thence  the  discharge.  Unless  the  banks  of 

*  For  greater  hydraulic  dqiths  than  144  inches,  the  extent  of  tin- 
TABLE,  divide  by  9,  and  find  the  corresponding  velocity.  This  multi- 
plied liy  ;5  will  be  the  velocity  sought.  Or  divide  by  4  and  multiply 
by  -2. 
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rivers  be  protected  by  stone  pavement  or  otherwise, 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
almost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be  solved,  prac- 
tically, by  means  of  TABLES  XI.  and  XII.  A  channel 
40  x  3  has  the  same  conveying  power  as  one  70  x  2, 
TABLE  XI.,  which  latter,  TABLE  XII.  discharges  with 
*  a  fall  of  18  inches  in  the  mile,  17,157  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

EXAMPLE  15. — The  diameter  of  a  very  long  pipe  is 
1£  inch,  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  fall,  is  1  in  71^ ;  what  is 
the  discharge  in  cubic  feet  per  minute  ? 

The    hydraulic   mean    depth,    or  mean   radius,    is 

1*5  3 

=    '375  inch  =  -   inch.        Consequently     from 

TABLE  VIII.  the  velocity  in  inches  per  second  is  equal 
to  25-09  -  1-92  x  — 5  =  25-09  -  '29  =  24-80.  The 

discharge  in  cubic  feet  per  minute  for  a  1^-inch  pipe 
is  now  found  most  readily  by  means  of  TABLE  IX.,  as 
follows : — 

Inches.  Cubic  feet. 

For  a  velocity  of    20 '0    the  discharge  is    1'227 

A  •()  -94  *» 

>»  »  »  >>  ™* 

•8         „  „  -049 

24-8          „  „         1-521 

Whence  the  discharge  in  cubic  feet  per  minute  is 
1-521. 
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For  short  pipes,  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  be  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  bends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  applying  certain  formulae,  and  in 
testing  them  by  experimental  results  obtained  with 
short  pipes.  The  TABLES  shall  now  be  applied  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  experiment,  referring 
generally  to  equation  (153  A)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

EXAMPLE  16. —  What  is  the  discharge  in  cubic  feet  per 
minute  from  a  pipe  100  feet  long,  with  a  fall  or  head  of 
35  inches  to  the  lower  end,  when  the  diameter  is  l^-  inch ? 
Find  also  the  discharge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  the  same  diameter  and  haciny  the 
same  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  '75  or  less,  *815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 

,.,.,.       .    100    X    12       -  . 

mate  inclination  is  —        :  =  1  in  34  3 ;  but  as  a 

ou 

portion  of  the  fall  must  be  absorbed  by  the  velocity 
and  orifice  of  entry,  it  may  be  assumed  for  the  present 
that  the  inclination  is  1  in  35.  With  this  inclination 

1A-      3 
and   the   mean   radius  -2-  =  -  inch,  we  find  the  mean 

velocity  from  TABLE  VIII.  to  be  38*06  inches.  Now 
when  the  coefficient  due  to  the  orifice  of  entry  and 
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Telocity  is  '75,  from  TABLE  II.  the  head  clue  to  this  velo- 
city is  3f  inches  nearly,  whence  35—  3f  =  31f  =  31*625 

inches  is  the  height  due  to  friction,  and  —5 


equals  1  in  37'9,  the  inclination,  very  nearly.  With 
this  new  inclination  find,  as  before,  from  TABLE  VIII. 
the  mean  velocity  of  discharge  which  is  now  36'  35 
inches  ;  and  by  repeating  the  operation  the  velocity  to- 
any  degree  of  accuracy  is  found  in  accordance  with  the 
table  ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 
be  repeated.  The  height  due  to  36'35  inches  taken 
from  TABLE  II.  as  before,  with  a  coefficient  of  '750, 
is  3|  =  3'125  inches.  The  corrected  fall  due  to  the 

friction  is  now  35  —  3'125  =  81  '875,  and  -—  <^—  equal 

Ol'OYO 

1  in  37'6,  the  corrected  inclination.  With  this 
inclination  the  corrected  velocity  is  now  36'  53  inches 
per  second.  It  is  not  necessary  to  repeat  this  operation 
again.  The  discharge  determined  from  TABLE  IX.  is 
as  follows  :  — 

Inches.  Cubic  feet. 

For  a  velocity  of    30  '00  the  discharge  is     T841 

6-00          „  „  '368 

•50          „  „  '031 

•03          „  „  '002 

„         36-53          „  „         2-242 

The  experimental  discharge  found  by  Mr.  Provis  was 
2'  264  cubic  feet  per  minute  in  one  experiment,  and 
2*285  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  in  a  similar  manner,  and  the 
results  j)laced  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table  : — 

EXPERIMENTAL   AND    CALCULATED   DISCHARGES   FROM   SHORT   PIPES. 
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35 
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5 

30 
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40 

35 
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7i 
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20 

35 
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224 

10-7 

78-61 

4-824 

The  velocities  in  the  fourth  column  have  been  cal- 
culated by  the  author  from  the  observed  quantities 
discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  5  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coefficient  than  '750  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  "715,  the  calculated  results,  and 

*  "Transactions  of  the  Institution  of  Civil  Engineers,"  vol.  ii. 
p.  203.  "  Experiments  on  the  Flow  of  Water  through  small  Pipes." 
By  W.  A.  Provis.  The  small  Tables  in  SECTIONS  VI.  and  VIII.  of  this 
edition  give  at  once  the  coefficient  to  be  multiplied  by  V  2  g  H, 
<>r  8  V  if,  to  find  the  velocity  when  the  ratio  of  the  diameter  to  tin- 
length  of  the  pipe  is  known.  They  will  be  found  of  great  advantage 
in  calculating  directly  the  velocity  from  short  pipes.  For  long  pipes, 
see  the  TABLE  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Pro  vis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

EXAMPLE  17. — It  is  proposed  to  supply  a  reservoir 
near  the  toivn  of  Droghcda  ivitli  water  by  a  long  pipe, 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  must  the  diameter  of  the 
pipe  be  ? 

rp,      ,.    ,  .  .  ,     80,000          Kr   , 

Ihe  discharge  per  minute  must  be  -         -  =   oo  T 

1440 

cubic   feet,   nearly.      Assume  a  pipe   whose  "  mean 
*  radius "  is  1  inch,    or   diameter   4   inches,    and  the 
velocity  per  second  found  from  TABLE  VIII.  will  be 
14'41  inches.     Then  from  TABLE  IX., 

Inches.  Cubic  feet. 

For  a  velocity  of    lO'OO    a  discharge  of    4-363 

„  „          4-00        „  „       1745 

•40        „  „          '175 

•01        „  „          '004 

14-41        „  „        6-287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6'2S7  cubic  feet  per  minute.     Then 

4'S  :  d?  : :  6'2S7  :  56,  or  1  :  d§ :  :  '196  :  56  :  :  1  :  286  ; 
therefore  d*  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  TABLE  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
diameters  thus  found  will  not  always  agree  exactly 

*  In  a  late  work,  "Kesearches  in  Hydraulics,"  th^e  author  is  led  into 
.1  scries  of  mistakes  as  to  the  accuracy  of  Du  Buat's  and  several  other 
formulEe,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
velocity  and  orifice  of  entry  when  testing  them  by  the  experiments 
above  referred  to. — Second  Edition. 

t  "  Hydraulic  Tables,"  Wealc,  1854,  give  at  once  this  discharge  for  a 
1'ipe  between  9  and  10  inches  in  diameter,  also  the  TABLE,  p.  28. 

c 
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with  those  found  from  Du  Buat's  or  other  formulae, 
nor  with  each  other,  because  the  discharges  are  not 

strictly  as  d* ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximative  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  simple  ; 
for  the  velocity  would  then  be,  TABLE  VIII.,  at  the 
given  inclination,  6*4  inches;  and  the  discharge  '175 

,  K(\ 

cubic  feet,  TABLE  IX.     Hence  di  =  -££    =  320,  and, 

'175 

therefore,  TABLE  XIII.,  d  =  10  inches  nearly,  which 
differs  about  half-an-inch  from  the  former  value,  9'6 
inches,  found  by  assuming  a  pipe  of  4  inches  to 
calculate  from.  It  is  necessary  to  understand  that 
different  results  must  be  expected,  in  working  from 
practical  formulae,  for  different  operations.  When 
once  an  approximate  value  is  obtained,  it  can  be 
easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the   velocity  in   inches  per  second,  from  a 
cylindrical  pipe  6  inches  in  diameter,  is  nearly  equal  to 

the  discharge  in  cubic  feet  per  minute;  and  as  6*  = 
88*2,  then  S8'2  :  d  :  :  the  velocity  in  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-iut-h 
pipe.  See  TABLES  pp.  28  and  29. 

EXAMPLE  18. — The  area  of  a  channel  is  50  square 
feet,  and  the  border  20' G  feet ;  the  surface  has  an  in- 
clination of  4  inches  in  a  mile;  'U'liat  is  the  mean 
velocity  of  discharge  ? 
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•en 

5L  =  2-427  feet  =  29'124  inches  is  the  hydraulic 


20- 

mean  depth;  and  from  TABLE  VIII.,  12*03  — 
i  *^n  v  '^7fi 

— g-1      '    =    12-03   -   -19   =   11-84  inches  per 

second  is  the  required  velocity.  Though  this  velocity 
will  be  found  under  the  true  value  for  straight  clear 
channels,  it  will  yet  he  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.). 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  found  the  mean  velocity  to  be  13*5  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle.      The   author's   formula   v  =    140   (r  s}*  — 

11  (r  «s)s  gives  v  =  1*143  feet,  or  nearly  a  mean  of 
these  two. 

EXAMPLE  19. — A  pipe  5  inches  in  diameter,  14,637 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge in  cubic  feet  per  minute  ? 

The  inclination  is       '  .      =  332'7,  and  mean  radius 

44 
5 

j-  =  I?-.     Then  find  from  TABLE  VIII.  the  velocity 

which  is  equal  to  19'81  +  '41  *  J*'8   =  19'81  +  -16 

12"5 

=  19'97,  or  20  inches  per  second  very  nearly ;  and 
by  TABLE  IX.  the  discharge  in  cubic  feet  per  minute 
is,  as  before  found  to  be,  13'635.  The  TABLE,  p.  28, 
gives,  by  inspection,  13*6  feet. 

EXAMPLE  20. — What  is  the  velocity  of  discharge  from 
a  pipe  or  culvert  4  feet  in  diameter,  having  a  fall  of 

1  foot  to  a  mile  ? 

c  2 
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Here 


s  = 


and  r  =  1  foot.      Next  we  find 


5280' 

the  velocity  of  discharge  from  TABLE  VIII.  which  is 
14'09  inches,  equal  to  1'174  feet  per  second.  By 
calculating  from  the  different  formulae  referred  to 
below,  the  velocities,  when  r  s  =  '0001894,  and 
V  r  s  =  '01376,  are  as  follows. 

Velocity 
in  feet. 

Reduction  of  Du  Bnat's  formula equation     (81.)  1'174 

,,  Girard's  do.   (Canals  with  aquatic 

plants  and  very  slow  velocities)        „  (86.)     '521 

,,            Prony's  do.  (Canals) ,,  (88.)  1 '201 

,,            Prony's  formula  (Pipes) ,  (90.)  1 '257 

„            Prony's  do.  (Pipes  and  Canals)     .         ,,  (92.)  1 '229 

,  ,,            Eytelwein's  do.  (Rivers)      ...         ,,  (94.)  1 '200 

,,            Eytelwein's  do.  (Eivers).     ...        „  (96.)  1 '285 

,,            Eytelwein's  do.  (Pipes)  .     ...         ,,  (98.)  1 '364 

„            Eytelwein's  do.  (Pipes)  .     ...         ,,  (99.)  1 '350 

,,            Dr.  Young's  do ,  (104.)  1-120 

,,          *D'Aubuisson's  do.  (Pipes)  .     .     .         ,,  (109.)  1 '259 

,,          *D'Aubuisson's  (Rivers)  .     ...        ,,  (111.)  1199 
,,            The  writer's  do.    (Clear  straight 

Channels  with  small  velocities)        ,,  (114.)  1'268 

,,            AVei'sbach's  do.  (Pipes)  .     ...         ,,  (119.)  1'285 

,,            The  author's,  for  Pipes  and  llivd-s       .,  pl!U.)r295 

This  example  is  calculated  from  the  several  formula1 
above  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  readily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges  of  rivers  are  usually  calculated  is,  for 
measures  in  feet,  v  =  94' 17  V  /•  s.  This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 


*  These  two  formulae  of  D'Aubuisson's  are,  simply,  adoptions  of 
Eytelweiu's  and  Prony's. 
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1*295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99*17  V  f  s>  is  only 
suited  for  velocities  of  about  15  inches  per  second; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  little,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Buat's  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord- 
ingly, the  results  in  TABLE  VIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  A)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  s)~*  —  11  (r  s)5. 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  large  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  numerous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  containing  aquatic  plants, 
and  it  is  entirely  inapplicable  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formulae,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  found  of  great  value  to 
the  hydraulic  engineer,  and  the  differences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.  See  TABLE  XIII. 

EXAMPLE  21. — Water  flowing  doivn  a  river  rises 
to  a  height  of  10|  inches  on  a  iveir  62  feet  long ;  to 
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what   height   will  the  same  quantity  of  water  rise,  on 
a    weir     similarly     circumstanced,     120    feet     long  ? 


In  TABLE  X.  is  found,  by  inspection,  opposite  to 
*517,  the  ratio  of  the  lengths,  the  coefficient  *644, 
rejecting  the  fourth  place  of  decimals  ;  whence  1(H 
X  '644  =  6*76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

KXAMPLE  22.  —  The  head  on  a  weir  220  feet  long 
is  6  inches;  what  will  the  head  be  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flowing  over  each1} 


As  this  lies  between  '27  and  '28,  from  TABLE  X. 

/> 

the  coefficent  '4208  is  found;    hence       ^       =14'26 

"4208 

inches,  the  head  required. 

TABLE  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.  See  SECTION  X. 

llx  AMPLE  23.  —  A  river  channel  40  feet  iride  and 
4*5  feet  deep  is  to  be  altered  and  widened  to  70  feet  ; 
what  must  the  depth  of  the  new  channel  be  so  that  the 
xurfa<\>  inclination  and  discharge  shall  remain  un- 
altered ? 

In  "  TABLE  XI.,  OF  EQUALLY  DISCHARGING  RECTAN- 
\u  CIIAXM.I.S,"  opposite  to  4'54,  in  the  column  of 
40  feet  widths,  8  is  found  in  the  column  of  70  feet 
v.  i  Itlis,  which  is  the  depth  required  in  feet. 
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EXAMPLE  24. — It  is  necessary  to  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cut  10  feet  wide ;  what  must  the  depth  of  the  side 
cut  be,  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  ? 

In  TABLE  XI.  is  found  4*5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as  \/  r  s  X  d,  in  which 
d  is  the  depth ;  and  when  the  width  is  very  large  com- 
pared with  the  depth,  the  hydraulic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=r;  consequently  the  discharge  then  varies  as 

d*  X  s*,  and  when  the  discharge  is  given  d*  must  vary 
inversely  as  s2;  or  more  generally  dr*  must  vary 

inversely,  as  s*,  when  the  width  and  discharge  remain 
constant. 

In  narrow  cuts  for  unwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximum  effect  will  be 
obtained  with  the  least  possible  quantity  of  excava- 
tion ;  but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
regulated  by  the  principles  referred  to  in  SECTION  IX. 

TABLE  XI.  is  equally  applicable,  whether  the  mea- 
sures be  taken  in  feet,  yards,  or  any  other  standards 
whatever. 

EXAMPLE  25. — A  new  river  channel  is  to  have  a 
fall  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  ivhat  shall  the  dimen- 
sions be  ? 
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In  TAKLK  XII.,  in  the  column  of  18  inches  per 
mile,  opposite  to  18,766,  it  is  seen  that  a  primary 
channel  70  X  2'125  will  be  sufficient ;  and  opposite  to 
2' 125  in  TABLE  XI.  it  is  also  seen  the  equivalent 
rectangular  channels  60  X  2'37  ;  50  X  2'70  ;  40  X 
3-19;  35x3-52;  30x3*96;  25x4'61  ;  20x5'58; 
15x7-29;  and  10xll'37,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  will  not  br 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
banks  remain  the  same.  See  SECTION  IX. 

EXAMPLE  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  150  feet  over  the  lower  end, 
what  icill  be  the  discharging  velocity  ? 

Here  r=  "020833  in  feet,  and  s=l'5,  therefore 
rs='03125.  Hence  by  formula  (119A)  v=l40x 

(•03125)^-11  x(-03125)13=140  x  -1766  -  11  x  -315 
=  24-724  -  3-465  =  21-259  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  '815.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20i  feet,  or  240 
inches,  is  about  10  feet,  TABLE  II. — The  head  due  to 
friction  is  therefore  150  —  10  =  140  feet,  and  * 

100 

=      -  =  l'±;  r  s  now  becomes  1'4  x  '020833= '02917. 
140 

Hence  v= 140  Vr~s~— 11  x/Tl?  n°w  becomes  140  x 
•171-11  x -308  nearly,  equal  to  23'940  -  3'388  = 
20'552  feet,  the  velocity  for  a  square  junction. 

MPI.K  27. — A  sewer  9  feet,  in  diameter  has  a 
full  of  2  feet  per  mile,  what  will  l>e  the  velocity  and 
<1i«d'  <it<*r  flowing  through  it  when  full? 
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Here  r=2'25  ands^*,  therefore  rs=  '0008523, 


(rs)*  =  -02919    and   (r*)s=<0948;    and  by  formula 

(119A),«;=140(r*)»-ll(r«)*=  140  x  -02919-11  x 
•0948=  4-0866  -  1*0428  =  3'0438  feet  per  second. 
Hence  the  discharge  per  minute  is  92  X  "7854  x 
3-0438  x  60=63-62  x  182'6  =  11,617  cubic  feet 
nearly.  The  velocity  from  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78J  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  50  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  TABLE  for  the  values  of  r  s  and  v,  calculated 
from  the  formula  (119  A)  SEC.  VIII.,  will  give  the 
velocity  at  once  when  r  s  is  known,  and  r  s  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  of  r  or  s  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

EXAMPLE  28.  —  Water  is  to  be  pumped  through  a 
pipe  3000  feet  long  and  2  feet  in  diameter,  witJt 
a  velocity  not  exceeding  4  feet  per  second,  what  head 
must  be  allowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  ? 

From  the  TABLE  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic; 
inclination,  given  near  the  conclusion  of  SECTION  VIII., 
that  for  a  velocity  of  4  feet  per  second  r  s=  "00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  ?—  '5, 
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whence   s='00142= -Q0284,  and  as  the  length  of  the 
'5 

1-ipe  is  3000  feet  we  get  3000  X  "00284  =  8'52  feet, 
tin-  head  required.  The  TABLE  p.  29,  would  give  9'6 
feet  nearly,  which  corresponds  with  Du  Buat's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  frrt  JXT  second,  then  from  the  tahle,  r  s  — 


-007576,     and    r-s.=  s  =   '"' ^=-015152,  andthere- 
r  '5 

fore,  7i=Zs=3000  x  '015152  =  45'456  feet,  or  about 
MX  times  as  much  as  when  the  velocity  was  only  4 
per  second.  The  great  loss  of  head  arising  from 
pumping  at  high  velocities,  from  friction  alone,  is 
therefore  apparent.  Were  the  velocity  double,  or  8 
feet  per  second,  the  head  would  be  30  feet  nearly,  or 
from  the  TABLE,  p.  29,  31 '6  feet. 

For  velocities  of  about  2'1  feet  per  second,  v.  is 
equal  to  100  V  r  s,  and  for  velocities  of  about  5£  feet 
per  second,  v  =  110  V7T.  If  I  be  the  length  of  a 
pipe,  it  would  be  found  in  the  former  case  that  the 
head,  A,  in  feet  due  to  friction  from  the  formula  is 

/  r:  Itf 

:  1^0007  ==  l  s;  and  m  the  latter  h  '-    12^067 

=  Is. 

In  questions  of  this  kind,  however,  the  diameter  of 

a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 

to  depth,  and  as  d  =  4  r  it  will  be  found  in  the 

I  vz 
'  CU.M-  that  h  =    pgnft  i  =   I  s ;  and  in  the  second 


A  B 


If  it  be  necessary  to  substitute  the  fall  per  mile  for 
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the  hydraulic  inclination,  the  first  of  these  will  again 
become  h=  -  I  s  for  the  loss  per  mile  ;  and 

in  the  second  case,  h  =    •  —3 —    =  I  s  for  the  loss  per 

mile  in  feet. 

If  the  velocity  were  so  slow  as  about  1  foot  per 
second,  then  v  =  90  v  r  s,  and  we  should  find  h  = 

Zo 
v       _  , 

2025  d  ~ 

If  for  the  inclination  the  fall  per  mile  be  substituted, 

O  •  &  "1        ^ 

this  will  become  h  =  — -5 —  —  I  s ;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mulae.    The   TABLE  near  the  end  of  SECTIOX  VIII. 
will  always  give  the  correct  value  of  r  s,  and  thence  s 
r_s. 
r 

In  addition  to  the  loss  of  head  arising  from  friction, 
losses  also  occur  from  straight  or  curved  bends,  from 
diaphragms,  from  junctions,  and  from  the  orifices  of 
entry  and  discharge ;  these  must  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately known. 

The  TABLE  on  the  two  following  pages  will  be  found 
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T.IBLS  for  finding,  teru  ntar!i/,  the  rrlnfity  ami  alsrhirv  from  Cylindrii 
tchrn  the  ttiamt'rr  and  Ml  are  girrn.  Any  t-ionf  the  fair  ,rin-tt<r 
tliamrtrr.  ntitl  fall  or  intimation,  btiny  girtu,t'it  others  can  be  found  i 
lion.  SKI:  TABU  XIII. 


if  Water  Pirn  nt  Scvvr. 
•ntii.rtitchaiye 


^H 

f  §! 

7.      it 

•  •.it'll  inrlin.it  HIM  or  fall;  and  the  DISCHARGE  IN  CLUIC  FEET  FEU  MISCTE  in 
tin-  nest  lollowinu'  0 

1  in.    I    2  in.  1    1  in.    I    4  in.    1    A  in. 

.iiiiin.  !  diam.  1  diam.  I  d'a-n.  1  diam. 

Bin.    I    Tin. 
diam.  |  diam. 

Bin. 
diam. 

Kin. 

diam. 

in  in. 
ciinm. 

i 

1-7 

3-2 

3-S 

4-2 

47 

6-5 

,...-, 

05         -27 

•79 

1-6 

29 

46 

68 

96 

129 

169 

•j 

2i)40 

3'8 

47 

5-6 

6'3 

6-9 

7-5 

8*1 

8-6 

9-1 

«7 

41 

1-2 

24 

43 

68 

101 

14-2 

191 

249 

3 

17fiO 

3-1 

47 

5-9 

7-0 

7'8 

87 

9-4 

10-2 

10-8 

1  1  -."> 

•M 

•61 

14 

3-0 

53 

8-5 

126 

17-7 

23-9 

31  2 

4 

1320 

3-6 

5'5 

b'9 

8'2 

10-2 

111 

11-9 

12-7 

13-4 

10 

60 

17 

36 

63 

10-0 

14-8 

203 

28-0 

367 

1056 

4-1 

6-2 

7-9 

9'3 

104 

11-6 

1  •-'•:. 

135 

14-4 

18  *J 

•11 

68 

1-9 

4-0 

71 

11-3 

168 

23-6 

317 

415 

6 

880 

4-6 

6-9 

87 

10-3 

11*8 

12'8 

13-9 

15-0 

16*9 

16'9 

•12 

•76 

22 

4-6 

7-9 

12-6 

186 

261 

35-1 

460 

7 

764 

5-0 

7°ft 

111 

12  -a 

14-0 

l.Vl 

17-4 

18-4 

14 

•82 

23 

49 

8-6 

137 

202 

285 

383 

502 

5*4 

8-1 

12-0 

13-5 

15'0 

17'ti 

18*7 

200 

•16 

•89 

25 

53 

92 

148 

218 

306 

41-3 

541 

5S7 

57 

87 

ll'O 

12-9 

14-:, 

161 

17-4 

18-8 

20-0 

21*2 

•16 

•95 

27 

5'6 

99 

158 

233 

328 

441 

577 

10 

528 

6'1 

9-2 

11*6 

15-4 

171 

18-o 

19-9 

21  "I 

28-8 

17 

100 

29 

60 

92 

16-7 

247 

34-8 

458 

613 

11 

480 

6-4 

97 

18-8 

14-4 

16-S 

18-0 

19-5 

21-0 

88-4 

2::  -7 

17 

11 

3-0 

6'3 

11-1 

177 

261 

36-7 

494 

647 

11 

440 

67 

10-2 

18*9 

15  '2 

171 

18-9 

88-1 

24-<> 

•18 

11 

32 

6-6 

11-6 

186 

27-4 

386 

519 

679 

13-2 

400 

71 

10-8 

13-6 

16'0 

18-0 

20-0 

81-7 

24'8 

26*8 

19 

12 

33 

69 

123 

19-6 

239 

407 

648 

71-7 

15*1 

350 

77 

in; 

147 

17'2 

HI  -4 

21-6 

2:f4 

25-2 

US  -4 

21 

1-3 

3-6 

76 

13-2 

212 

312 

43-9 

591 

77-4 

300 

8-4 

18*7 

l'i-0 

18'8 

21  -2 

23-5 

.:<  -.'. 

-  t   "  .  ) 

81-0 

23 

1*4 

39 

82 

14-4 

231 

341 

48-8 

646 

845 

111 

250 

14-1 

178 

23-5 

261 

30-5 

S8-S 

•26 

15 

44 

9-2 

160 

25'7 

378 

53-3 

71-7 

938 

26-4 

200 

10-ii 

16-0 

20-2 

8*8 

29'7 

88*1 

:',4  7 

B8*l 

•29 

1-7 

5-0 

10-4 

182 

292 

431 

60-6 

816 

1067 

160 

18-8 

19'0 

23-9 

31  6 

351 

381 

41-0 

40*8 

34 

21 

69 

123 

21-6 

345 

509 

716 

964 

1262 

n*a 

100 

30-4 

40-1 

44'6 

4s"; 

68-1 

58-7 

•43 

26 

74 

15-6 

27-3 

438 

646 

909 

1223 

1601 

J*7 

•JO 

25-6 

323 

427 

47-4 

51-4 

-,;,-.  I 

46 

28 

79 

166 

29-1 

466 

687 

967 

130-2 

1703 

•• 

80 

181 

45-8 

50-9 

67-0 

•49 

30 

85 

17-8 

31-2 

499 

737 

1037 

1396 

1827 

.  -,  ; 

70 

30-0 

44-1 

551 

('4  4 

78*6 

32 

9-2 

19-2 
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T.lISLEfor  finding,  rery  nearlt/,  the  velocity  and  discharge  from  Cylindrical  Water  Pipet  or  Sneer. 

•>.r  and  fall  an      '  ' 

'motion  teiny 


•hen  the  diameter  and  fail  are  given.     Any  two  of  the  four  quantities,  the  velocity,  discharge, 
g  yiven,   the  others  lan  be  found  in  THE  TABLE  from   inspection. 
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The  VELOCITT  IN  Incurs  PER  SECOND  is  Riven  in  the  tii>t  horizontal  line  fci 
each  inclination  or  fall;  and  the  DISCHARGE  in  CUBIC  TEET  PER  MINUTE  in 
the  next  following  one. 
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of  great  practical  utility  in  solving  all  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  in  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  32.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  found  from  the  table  by  4 ;  also  divide 
greater  discharges  by  32,  and  multiply  the  diameters 
found  from  the  table  by  4.  The  small  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incli- 
nations which,  taken  together,  give  the  same  velocity 
or  discharge ;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion. Taken  in  connexion  with  TABLES  VIII.,  XI., 
XII.,  and  XIII.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

TABLE  XIV.  gives  the  comparative  values  of  English 

and   French   measures ;    and   TABLE   XV.   gives   the 

weight,  specific  gravity,   and   ultimate   strength   and 

ticity  of  various  materials  with  which  the  engineer 

has  to  operate. 
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SECTION  II. 

FORMULAE  FOR  THE  VELOCITY,  AND  DISCHARGE,  FROM 
ORIFICES,  WEIRS,  AND  NOTCHES.  -  COEFFICIENTS  OF 
VELOCITY,  CONTRACTION  AND  DISCHARGE.  -  PRAC- 
TICAL REMARKS  ON  THE  USE  OF  THE  FORMULA. 

The  quantity  of  water  discharged  in  a  given  time 
through  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circum- 
stances, and  varies  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice  ;  but  the  discharge  may 
be  easily  found,  when  the  velocity  and  the  contraction 
of  the  fluid  vein  has  been  determined. 

VELOCITY. 

If  g  be  the  velocity  acquired  by  a  heavy  body  falling 
from  a  state  of  rest  for  one  second,  in  vacuo,  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  from  a  height 
h,  will  be 

(1.)  v  =  V  2#  h. 

The  numerical  value  of  g  varies  with  the  latitude  ; 
then  it  shall  be  assumed  that  2  g  =  772*84  inches 
=  64*403  feet.  These  will  give  for  measures  in  inches, 


_ 

v  -  27-8  V  h*  and  h  =  77^34  =  '001293^, 
and  for  measures  in  feet, 

*  The  velocities  for  different  heights  are  given  in  column  number  1, 
TABLE  II. 
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v  =  8-025  Vli,  and  h  =  gj-.^jj  ==  '01553  v". 
If  r  bo  in  feet,  and  h  in  inches,  then 

.2 

=  2-317  \/7*7  and  h  =    ^^  =  -1864  v2.* 

« 

COEFFICIENT    OF   VELOCITY. 

Let  the  vessel  A  B  c  D,  Fig.  1,  be  filled  with  water 
to  the  level  i:  r :  then  it  has  been  found,  by  experi- 


ment,  that  the  velocity  of  discharge  through  a  small 
orifice  o,  in  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  freely  from  the 
height  h,  of  the  surface  of  the  water  E  F,  above  the 

*  The  force  of  gravity'  increases  with  the  latitude,  and  decreases 
tin-  altitude  above  the  level  of  the  sea,  but  not  to  any  consider- 
:ilile  extent.     If  A.  be  the  latitude,  and  h  the  altitude,  in  feet,  above 
the  1110:111  .sea  level,  then  it  may  be  generally  tukeu  that 

g  =  32-17  (1  —  -0029  cos  2A) 


_  —  \ 


in  which  u,  the  radius  of  the  earth  at  the  given  latitude  is  equal  to 
20887600  (1  +  -0016  cos  2\). 
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centre  of  the  orifice.  The  velocity  of  discharge 
determined  by  the  equation  v  —  \/2  g  h,  for  falling 
bodies,  is,  therefore,  called  the  "  theoretical  velocity  " 
If  ??d  be  now  put  for  the  actual  mean  velocity  of  dis- 
charge in  the  vena-contracta,  and  cv  for  its  ratio  to 
the  theoretical  velocity  v,  we  shall  get  rd  =  cv  v ;  and 
by  substituting  for  v,  its  value  \/!4  y  It, 
(2.)  va  =  cv  V'2  0  />, 

cv  is  termed  "  £/ze  coefficient  of  velocity ;"  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  "974  ;  and,  consequently, 

vd  =  -974  V2  g  h. 
This  for  measures  in  inches  becomes 

vd  =  27-077  Vfc,* 
and  for  measures  in  feet 

vd  =  7-816  Vh7 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

s  The  velocities  for  different  heights  calculated  from  this  formulae 
are  given  in  the  column  numbered  2,  TABLE  II.  It  has  been  latterly 
asserted  in  a  Blue  Book  that  theoretically  VA  =  §  \/2  g  h.  It  is  not 
necessary  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  velocity,  and  a  single  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proximates to  |  A/2gr  h  multiplied  by  the  area  of  the  orifice  ;  but  the 
theoretical  velocity  V  2  g  h  always  approximates  to  the  experimental 
velocity,  or  -974  V  2  g  h,  obtained  immediately  outside  the  orifice  in 
the  vena-contracta.  It  would  be  unnecessary  to  allude  to  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
authority  in  practical  questions  may  mislead  others.  Vide  p.  4  of 
"  Brief  observations  of  Messrs.  Bidder,  Hawksley,  and  Bazalgette  on 
the  answers  of  the  Government  Referees  on  the  METROPOLITAN  MAIN 
DRAINAGE,  ordered  by  the  House  of  Commons  to  be  printed  13th  July, 
1858." 
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and  in  Fig.  2  a  vertical  or  lateral  orifice.  "When 
small,  each  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  h,  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
P,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
found  to  vary. 

VI.XA-CONTRACTA   AND    CONTRACTION. 

It  has  been  found  that  the  diameter  of  a  column 
i»uing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  from  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tracted vein,  vena-contracta,  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 

Xcwt-.n   makM   it     1          -841,    i^l,  therefore,  that  of  the  1    70. 
'    (  areas  as  1  :  J 

I'oleni  „  1       {:««  „  „         1 

M  *  „  ,,         1 

Mu-hdlotti     „  1  -8  „  ,,         1 

Bo-nt  „  1       j:88J8  „  „         1 

On  Unfit  „  1  '816  ,,  ,,  1 

iri  „  1  -7li3  ,,  ,,  1 

Acin  „  1  '8  ,,  ,,  1 

Bayer  „  1  7854  „  „  1 

value  for  the  contraction  has  been  deter- 
mined on  the  hypothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 


7156 


•6432 

•64 

•656 

•669 

«tf 

•637 

•tit 

•617 
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Fig.  3 


all  sides,  are  inversely  as  the  squares  of  their  distances 
from  its  centre ;  and  the  calculations  made  of  the 
discharge  from  circular,  square,  and  rectangular 
orifices,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 

APPROXIMATE    FORM    OF    THE    CONTRACTED    VEIN. 

Let  o  R  =  d,  Fig.  3,  be  the  diameter  of  an  orifice  ; 

then  at  the  distance  R  s  —  —  the  contraction  is  found 

A 

to  be  greatest ;  assuming  that  the  contracted  diameter 
o  r  =  '7854:  d.  Suppose  the  fluid  column  between 

0  R  and  o  r  to  be  so  reduced,  that  the  curve  lines  R  r 
and  o  o  shall  become  arcs  of  circles,  then  it  is  easy  to 
show  from  the  pro- 
perties of  the  circle, 

that  the  radius  c  r 
must  be  equal  to 
1-22  d.  The  mean 
velocity  in  the  ori- 
fice, o  R,  is  to  that 
in  the  vena-con- 
tmcta,  o  r,  as  '617  : 

1  ;  and  the  mouth  piece,  R  r  .o  o,  Fig.  4,  in  which 
o  p  —  %  o  R,  and  o  r  =  '7854  x  o  R,  will  give  for  the 
velocity  of  discharge  at  o  r,  the  vena-contracta, 

rd  =  -974  VT#T  =  7-816  \/~n, 
in  feet  very  nearly.*     In  speaking  of  the  velocity  of 

*  Correctly  the  curves  0  o  and  E  r  should  perhaps  have  the  line  0  R 
continued,  for  their  common  tangent.  No  practically  useful  result 
would,  however,  follow  from  a  more  accurate  construction  than  is  here 
given.  Kunniiig  a  file  round  the  arris  0,  R,  will  effect  the  object  better 
than  a  complex  construction. 

D  2 
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discharge    from    orifices  in    thin   plates,    we    always 

assume  it  to  be  the 
velocity  in  the  rcna- 
contracta,  and  not 
that  in  the  orifice 
itself,  which  varies 
with  the  coefficient 
of  discharge,  un- 
less in  TABLE  II.,  where  the  mean  velocity  in  the 
latter,  as  representing  cd  V  2  g  h,  is  also  given. 


COEFFICIENTS    OF    CONTRACTION    AND    OF    DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  R,  Fig.  3,  and 
cc  x  A  for  that  of  the  contracted  section  at  o  r,  then  cc 
is  called  the  "coefficient  of  contraction."  The  velocity 
of  discharge  rd  is  equal  to  c v  V  2  g  h,  equation  (2) . 
Multiply  this  by  the  area  of  the  contracted  section 
cc  x  A,  and  there  is  found  for  the  discharge 

D  —  <v  x  ec  x  A  \/  2  g  h. 

It  is  evident  A  V  "2gh  would  be  the  discharge  if  then- 
were  no  contraction  and  no  change  of  velocity  due  to 
the  height,  h  ;  cv  x  cc  is  therefore  equal  to  the  co- 
efficient of  discharge.  Call  the  latter  fd,  and  there 
results  the  equation 
(3.)  <^  =  cv  x  cc, 

and  hence  the  "  coefficient  of  discharge "  is  equal 
to  the  product  of  the  coefficients  of  velocity  and  con- 
traction. 

The  expression  cv  rc  V  2  g  h  =  cd  V  2  g  h  repre- 
sents the  moan  velocity  in  the  orifice ;  the  coefficient 
for  this  is,  therefore,  equal  to  cd.  The  values  of  the 
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velocity    cd   •%/  2  g  h,   for   different   heights   and   co- 
efficients, are  given  in  TABLE  II. 

In  the  foregoing  expression  for  the  discharge  D,  h 
must  be  so  taken,  that  the  velocity  at  that  depth  shall 
be  the  mean  velocity  in  the  orifice  A.  In  full  prismatic 
tubes  the  coefficients  of  velocity  and  discharge  are  equal 
to  each  other. 

MEAN  AND  CENTRAL  VELOCITY. 

In  order  to  find  the  mean  velocity  of   discharge 
from  an  orifice,  it  is,  in  the  first  instance,  necessary 
to  determine  the  velocity  due  to   each  point  in  its 
surface,  and  the  discharge  itself;    after  which,  the 
mean  velocity  is  found  by  simply  dividing  the  area  of 
the  orifice  into  the  discharge.     The  velocity  due  to 
the  height  of  water  at  the  centre  of  a  circular,  square, 
or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 
nor  is  the  latter  in  these,  or  other  figures,  that  at  the 
centre  of  gravity.     When,  however,  an  orifice  is  small 
in  proportion  to  its  depth  in  the  water,  the  velocity 
of  efflux  determined  for  the  centre  approaches  very 
closely  to  the  mean  velocity ;  and,  indeed,  at  depths 
exceeding  four  times  the  depth  of  the  orifice,  the  error 
in  assuming  the  mean  velocity  to  be  that  at  the  centre 
of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac- 
tical  consequence,    and    for  lesser   depths    it  never 
exceeds  six  per  cent.     It  is,  therefore,   for  greater 
simplicity,  the  practice  to  determine  the  velocity  from 
the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 
or  notches ;    and  the    coefficients   of  discharge   and 
velocity  in  the  following  pages  have  been  calculated 
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from  experiments  on  this  assumption,  unless  it  shall 
be  otherwise  stated. 

DISCHARGES    THROUGH    ORIFICES    OF    DIFFERENT   FORMS 
IN    THIN    PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular ;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  be  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
i  i  >i-  each  kind  of  form,  but  as  the  demonstrations  are 
unsuited  to  the  purposes  of  this  work  they  shall  be 
omitted. 

TRAPEZOIDAL    ORIFICES   WITH    TWTO    HORIZONTAL    SIDES. 

Put  d  for  the  vertical  depth  of  an  orifice,  fit  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
/jb  for  the  altitude  at  bottom,  above  the  lower  side. 
then 


Fig.  5 


Let  al-.  th«    top  or  upper  side  of  the  orifice  A  or 
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Fig.  5,  be  represented  by  /t>  and  the  lower  or  bottom 

side  by  l^,  and  put  —  „  —    —  1" 

Now,  when  lt  =  lb,  the  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d  ;  and  putting 
h  for  the  depth  to  the  centre  of  gravity,  there  exists 
the  equation 

.     ,d       ,         d 

«t  +  2  "  "b  —  2  =  /z' 

The  general  expression  for  the  discharge,  D,  through 
a  trapezoidal  orifice,  A,  is  then 

(4.)  D  =  edV27  x 

in  which  cd  is  the  coefficient  of  discharge  ;  and  when 
the  smaller  side  is  uppermost  as  at  c, 


(5.)  D  =  cd  V^7  x 


PARALLELOGRAMIC    AND   RECTANGULAR    ORIFICES. 

When  Zt  —  Zb  =  Z,  the  orifice  becomes  a  parallelo- 
gram, or  a  rectangle,  B,  and  then  the  discharge  is 

2        3         3 
(6.)  D  =  cd  V20  x  ll{h\  —  /if}. 


NOTCHES. 

When  the  upper  sides  of  the  orifices  A,  B,  and  c, 
rise  to  the  surface  as  at  AO,  BO,  and  c0,  ht  becomes 
nothing,  and  then,  as  7ih  =  d,  for  the  trapezoidal 
notch  A0  with  the  larger  side  up, 

(7.)     D  = 
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Also  for  the  trapezoidal  notch,  c0,  with  the  smaller 
side  up, 

(8.)     D  = 


which  is  the  same  in  form,  hut  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  BO, 


(9.)          D  =  cdV2tf  x  -Id?=-cild*\f2<j. 

*J  3  3 

It  is  easy  to  perceive  that  the  forms  of  equations  (4) 
•and  (5),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. The  values  for  the  discharge  in  equations  (6) 
•,nid  (9)  are  equally  applicable,  whether  the  form  of 
the  orifice  be  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  cd,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  betaken  at  '61  7  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR   ORIFICES    WITH   HORIZONTAL   BASES,   AND 
RECTILINEAL    ORIFICES   IN    GENERAL. 

When  the  length  of   the    lower   side,   7b  =  0,  the 
orifice  becomes  a  triangle,  D,  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 


(10.)     p  = 


x 


'l-h\-Jt\  • 


which    gives    the    discharge    through    the    triangular 
m-ifice,  j>. 
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When  Zt  =  0,  in  equation  (5),  the  orifice  becomes  a 
triangle,  F,  with  the  base  downwards ;  in  this  case, 
the  value  of  the  discharge  is 


(11.) 


•  T   X 


75  ,  « 

h *i 

d 


As  any  triangular  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon ;  and  as  the  dis- 
charge from  the  triangular  orifice  D  or  F  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  parallels,  by  such  a  division,  the  discharge  from 


tiny  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

If  the  triangle  F  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian- 
gular orifice  D  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram, 
there  is  found 
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(12.)    D  = 

for  the  discharge  from  a  parallelogram  E  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figure  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  D,  F,  and  E  rise  to  the  surface  of  the  water, 
as  at  DO,  KO,  FO,  then  for  the  discharge  from  the  notch 
DO  there  results 


(13.)  D=  cd  V~27  x    5/' 

which  for  a  right  angled  triangle  becomes 

/  -       8   s  * 
D  =  cd  V  2  g  x  SeP- 

For  the  discharge  from  the  notch  FO, 
(14.)  D  =  cd  V~20~  x  f5  /b  'I'  • 

*  In  the  Civil  Engineer  and  Architects'  Journal,  1858,  p.  370,  it  is 
stated  that  Professor  Thomson,  now  of  the  University  of^Glasgow, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
discharges  of  from  2  to  10  cubic  feet  per  minute,  the  expression  Q  = 

•317  H  *,  in  which  Q  is  the  quantity  in  cubic  feet  per  minute,  and  11 
the  head  in  inches.     Now  the  above  equation  for  a  coefficient  of  '017 

becomes,  for  inch  measures,  D  =  17'153  x  *-,  tfl  =  9-15  d  2  ;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  discharge  to 
i'eet  per  minute,  D  =  '317  rf*,  identically  the  same  as  Professor  Thom- 
son derived  from  his  experiments.  All  sections  of  a  triangulat  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triaiigular-notch- 
•,  v.h<  iv  it  c;ni  In-  used,  us,  probably,  the  coeliieieiit  remains  con- 
stant throughout.  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  '(517  gives  practically  correct  ivsrlN  /,-,-  >iU  form*. 
of  orifices  in  (It  in  jilatcf. 
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and  for  the  discharge  through  the  notch  EO, 


(15.)  D  =  cd  \/%  x  £jj{*   -  2^}  =  cd  V%"x  -9752  Zd3. 

When  the  parallelogram  EO  becomes  a  square  I  =  2  <7, 
and  hence, 

(16.)  D  =  cd  V2j  x  -9752Z*  x  Vf  =cd  \/2</Z  x  '34478  i2. 
The  foregoing  equations  enables  the  engineer  to 
find  an  expression  for  the  discharge  from  any  recti- 
lineal orifice  whatever;  as  it  can  be  divided  into 
triangles,  the  discharge  from  each  of  which  can  be 
determined  as  already  shown  in  the  remark  following 
equation  (11.)  The  examples  which  are  given  will  be 
found  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice  ;  but  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  will  be  found  with  sufficient  accuracy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity. 

CIRCULAR   AND    SEMICIRCULAR    ORIFICES. 

The  discharge   through   circular   and   semicircular 
orifices  in  thin   plates  can  only  be   represented  by 


means  of  infinite  series.      Represent  by  Si  the  sum 
of  the  series 
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Ji_fi  iVi  -}—  —  (-  -  -  -Y-  -  3-V'4 

(  I       \I  '   4  JVI  '    4//J1       ^2   '   4  '  6   '  8  A2  '  *       6//t4 

/I      _!       3      5      7       9\/l       1       3^      5VG—  t-«         I" 

\t  '  ^  "e  '¥'  "'if/V*'  *"'  7'  "•/&*  J  ' 

Also  represent  by  s2  the  sum  of  the  series 
f/i    i 

l\2  '   3 


.  - 

'        '  ' 


- 

3-1416   l\2  '   3  \2  '   4  '   •       *      5//t3 

_j_  (L  L  -  1  lYi  -  - 

'    \t  "  4  '   6  '   8"  10/V^      5       7 

then  the  discharge  from  the  semicircle  G,  Fig.  7,  with 

the  diameter  upwards  and  horizontal,  is 

(17.)         D  =  cd  V  '  %gh  x  3-1416  r3  (*!  +  *2). 

And  the   discharge  from  the   semicircle  i,  with  the 

diameter  downwards  and  horizontal  is, 

(18.)         D  =  ed  \A2Y/i  x  3-1416  r3  (sx  -  *2). 

If  A  be  put  for  the  area,  then  also  for  the  discharge 

from  a  circle  H, 

(19.)  D  =  cd  V  2T^  x  2  A  «!• 

In  each  of  these  three  equations  (17),  (18),  and  (19), 

li   is  the  depth  of  the   centre  of    the    circumference 

below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  GO,  with  the 
diameter  horizontal  and  at  the  surface, 
(20.)  D  =  cd  V2~</r  x  -9586  ?-3  =  cd  V2^r  x  -6103  A  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  I0, 

(21.)  D=cdV2f/r  x  ^(Vl28-7)r2=cd\/2^:x-7324  A; 

when   the   horizontal   diameter   of  the   semicircle   is 
uppermost,  and  at  the  depth  r  below  the  surface, 
(±2.)D=fd  V2^~x  1-8667  r»  =  cd  V2^r  x  1-1884  A; 
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and  when  the  circumference  of  the  entire  circle  is  at 
the  surface,  as  at  HO, 


(23.)  D=cdV2^rx3'0171r2—  cdV207  x  '9604  A. 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 
(22),  to  others  in  which  the  depth  h  of  the  centre  of 
gravity  from  the  surface  is  contained,  it  is  only  neces- 

sary to  substitute  r    —-j    for  r  in  equation  (20),  and 


then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  -  cd  V~2~</~/r  x  -0367  A. 

Also,  by  substituting  —  —  —  -  for  r  in  equation  (21), 
*575o 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 


(25.)  D  =  cd  V  20  h  x  -9653  A  ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

at  the  depth  r  below  the  surface  r  =    „     *    ,     and 

1-4244 

(26.)  D  —  cd  V  2g  h  x  '9957  A. 

As  A  stands  for  the  area  of  the  particular  orifice  in 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (23) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (23),  where  it 
represents  only  the  area  of  a  semicircle. 

DIFFERENCE    OF    "  MEAN  VELOCITIES."      HOW   MUCH. 

The  mean  velocity  is  easily  found  by  dividing  the 
area  into  the  discharge  per  second  given  in  the 
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preceding  equations.  For  instance,  the  mean  velocity 
iu  the  example  represented  in  equation  (9),  is  equal 

o  ^ 

3  cd  V  2  (j  d,  which  is  had  by  dividing  the  area  I  d 
into  the  discharge  ;  and  in  like  manner  the  mean 
velocity  in  equation  (23)  is  '9604  cd  V  2  g  r.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  differs  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 


PRACTICAL  REMARKS  ON   THE  DISCHARGE  FROM   CIRCULAR 
ORIFICES. 

It  has  been   shown,   equation   (19),   that,   for    the 
discharge  from  a  circle,  we  have 

D  =  cd  V  2  g  h  x  2  A  Si, 

in  which  k  is  the  depth  of  the  centre,  A  the  area, 
and  Si  the  sum  of  the  series 


and  it  lias  also  been  shown,  equation  (23),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  —  rd  V  2gr  x  -9604  A. 

Now  when  k  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  *x  =  1,  and  hence 
(27.)  D  =  <-d  V  27/i  x  A. 

As  this  is  i  lie  formula  commonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefficient  rd  remain  con- 
stant, that  the  result  obtained  from  it  for  D  would  be 
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too  large.  The  differences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  6r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
values  of  the  discharge  at  different  depths,  it  is  found, 
when 

/  h  --  r,   that  D  =  cd  V  2  g  h  x  '960  A  ; 

~2~gh  X  '978  A  ; 


(28.) 


h  = 

Sf 

'}  >} 

D  =  f  d 

4 

h  = 

3r 

5     JJ 

D   =   Cd 

2 

h  = 

5     J  J 

D   —   fd 

4 

h  = 

2  r,  „ 

D   =  CA 

h  = 

3  r,  „ 

D   =   C& 

h  = 

4  r,  „ 

D   =   Cd 

h  = 

5  r,  „ 

p  =  dd 

\h  = 

6  r,  „ 

D   =   Cd 

V  2  g  h  X  '989  A  ; 

=  ca  V~2~7^  x  -992  A  ; 

Zg  h  x  '996  A; 

2gh  X  '998  A  ; 
c&  V  2  <JT  /i  X  '9987  A  ; 

in/li  x  -9991  A. 
These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
cd  V  2  g  h  X  A  is  abundantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent, 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussing  the  value  of  cd,  it  will  be 
shown  that  from  the  sinking  of  the  surface,  and  perhaps 
other  causes,  the  discharge  at  lesser  depths  is  even 
larger  than  that  exhibited  by  the  expression  cd  v  2  g  h 
X  A,  the  value  of  the  coefficient  of  discharge,  cd,  being 
found  to  increase  near  the  surface  as  the  depths  h  de- 
crease. In  fact,  the  sides  and  length  of  the  orifice,  the 
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rounding  of  the  arrises,  and  the  depth  andpoiition  icitk 
reference  to  the  sides  of  the  vessel,  and  surface  <>f  the 
water,  are  of  far  greater  practical  importance  tha." 
trentc  accnrari/  in.  the  mathematical  formula,  which  when 
complex  may  be  of  little  or  no  practical  value. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM 
RECTANGULAR  ORIFICES. 

It  has  been  shown,  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the  water,  is  expressed  by 
the  equation 

2 3  3 

v  =  c&  X  -  V  20  X  I  {hi  —  hi], 

3 

in  which  I  is  the  horizontal  length  of  the  orifice,  hb  the 
depth  of  water  on  the  lower,  and  ht  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

d  d 

included,  then  ltb  =  h  +  -  and  /*t  =  h  —  -.  By  sub- 
stituting these  values  of  hb  and  ht  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

f  7-      1 

(29.)     D=rd  V  20/i  X  A  1 1  -  £g-p  I  very  nearly. 
Therefore  for  the  accurate  theoretical  discharge 

30.)     D  = 
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and  for  the  discharge  by  the  common  formula 

D  —  cd  V  2  cj  h  X  A. 

When  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge  ;  but  as  the 
common  expression  cd  V  2  g  h  x  A  is  the  most  simple  ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pur- 
poses. The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
from  the  true,  the  approximate,  and  the  common  formulae, 
applied  to  "  lesser  "  heads  ;  and  they  will  also  explain, 
to  some  extent,  why  "  coefficients  "  determined  from 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surface. 

12  3 


r  K' 

D  =  Cd 

&—  8, 
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A. 
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O     7  

''=-2»    D=Cd  V2<jfeX*9958A.  D  =  C(1  V  2^7/i  X '9954  A. 

1=2  rf,  „  „   ,,  X-9974A.  „  „   ,,  x -9974  A. 

i=-s-,  „  „   -,  X-9983A.  „  ,,   ,,  x -9983  A. 

i=3  d,  ,,  ..   „  X-9988A.  „  ,,   „  x -9988  A. 


x  -9991A. 


x -9991  A. 


h=4d, 


„   X-9994A.    „     „       ,,    x -9994  A. 

yy  jy  S^        t/«7«7»/A«  iy  yj  yy  S\        *S*SV*S     A* 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  in  pails  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (30)  ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  (29),  the  results  in  which  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect formula.  The  numerical  coefficients  of  A,  at 
every  depth,  are  less  in  both  than  unity,  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  results 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  h  =  3  d,  and  for  lesser  depths 
than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  useful  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  the  "  centre 
of  mean  velocity"  is  at  four-ninths  of  the  depth,  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur- 
face. The  former  fraction  is  the  square  of  the  latter. 
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SECTION  III. 

EXPERIMENTAL    RESULTS  AND  FORMULA. COEFFICIENTS 

OF   DISCHARGE    FOR    ORIFICES   AND    NOTCHES. 

HERETOFORE  the  numerical  values  of  the  general 
coefficient  of  discharge  cd  have  been  only  dwelt  upon 
partially.  In  order  to  determine  its  value  under 
different  circumstances  more  particularly,  it  Avill  be 
now  necessary  to  consider  some  of  the  experiments 
which  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
under  the  same  circumstances  and  by  the  same  parties, 
tind  there  appears  to  exist  a  certain  amount  of  error, 
more  or  less,  inseparable  from  the  subject.  The 
•experiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results  ;  but  even  here  the  differences 
are  sometimes  greater  than  might  be  expected.  In 
.many  of  the  earlier  experiments  the  value  of  the 
coefficient  cd  comes  out  too  large,  which  arises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
the  nature  of  short  tubes  or  mouth-pieces  with 
j-ounded  arrises,  winch,  as  it  shall  be  seen,  give  larger 
coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  vena- 
contracta  than  from  the  surface  to  the  orifice  itself; 
and  as  any  error  in  measuring  the  head  in  any  experi- 
ment must  affect  the  value  of  the  coefficient  derived 
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from  such  experiment,  so  us  to  increase  it  when  the 
error  is  to  make  the  head  less,  and  vice  versa,  it 
appears  that  heads  measured  to  an  orifice  in  the 
bottom  of  a  vessel,  and  not  to  the  vena-contracta, 
must  give  larger  coefficients  from  the  experimental 
'Its  than,  perhaps,  the  true  ones.  The  coefficient- 
in  the  following  pages  have  been  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1739  Dr.  Bryan  liobinson  made  some  experi- 
ments on  the  discharge  through  small  circular  orifices. 
from  one-tenth  to  eight-tenths  of  an  inch  in  diameter., 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

COEFFICIENTS  KUOM   DR.  ]',.   UoHINSON's    KXPEEIMKXTS. 


Heads. 

,-„  inch 
diameter. 

i4,,  incli 
diameter. 

,5,,  inch 
diiimctcr. 

,'„  inch 
diameter. 

•  head 
4  I'mt  lii-ud 

•7>;s 

•768 

•767 
•774 

•761 
•765 

•728 
•74J 

These  results  are  pretty  uniform,   and  the   values 
from  which  they  are  derived  are  said  to  be  "means 
taken   from   five  or  six  experiments  ;  "  as  values  of 
rd  they  are,  however,  too  high.     The  apparatus  made 
use  of  is  not  described;  but  it  is  probable,  from  the 
r.  -ults,  that   the  plate  containing  the   hole  or  orifice 
was   <»{'  some  thickness,  and  that  the  inner  arris  wa 
slightly  rounded.      There   is  here,   however,  a   very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices,  but  none  for  the  smaller  depth. 


*  Hclsham'a  Lectures,  i>.  390.     Dublin,  173S'. 


ORIFICES,    WEIRS,   PIPES,   AXD  RIVERS.  53 

Iii  a  paper  in  the  Transactions  of  the  lloyal  Irish 
Academy,  vol.  ii.  p.  81,  read  March  1st,  1788,  Dr. 
Matthew  Young  determines  the  value  of  the  coeffi- 
cient for  an  orifice  -30-  inch  in  diameter,  with  a  mean 
head  of  14  inches,  to  be  '623.  The  manner  in  which 
this  value  is  determined  is  very  elegant;  viz.,  by  com- 
paring the  observed  with  the  theoretical  time  of  the 
"\vater,  in  the  vessel,  sinking  from  16  inches  to  12 
inches. 

The  following  experiments  by  Michelotti,  with  cir- 
cular orifices  from  1  to  about  3  inches  diameter,  and 
with  from  6  to  23  feet  heads,  give  for  the  mean 
Talue  cd='613;  and  for  square  orifices  of  from  1  to 
3  square  inches  in  area,  at  like  depths,  the  mean 
value  of  Ca^'628.  The  experiments  are  given  in 
French  feet  and  inches,  according  to  which  standard 
in  feet,  D=7'77  A  V/i  X  t>  t  being  the  time  in 
seconds.*  As  the  time  of  discharge  in  these  ex- 
periments varies  from  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  value  of  V  2  g  h,  equation  (1),  for  measures  in  French  feet,  is 
777  V  h,  and  for  measures  in  French  inches,  26 '9V  h  ;  g  being  equal 
to  30*2  feet,  or  362 '4  inches,  French  measure.  One  French  foot  is 
•equal  to  1 '06578  English  feet,  and  the  inches  preserve  the  same  pro- 
]  lortion.  The  resulting  coefficients  must  be  the  same,  whatever  stan- 
dards the  calculations  are  made  from.  Many  of  the  most  valuable 
formulae  and  experiments  in  hydraulics  are  given  in  French  measures 
•of  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
iletermine  from  experiment  the  relation  of  the  experimental  to  the 
theoretical  discharge,  it  is  not  necessary  to  reduce  the  experiments  to 
other  measures  than  those  in  the  original ;  but  the  value  of  the  force  of 
^gravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  made.  In  the  French  decimal,  or  modern  style,  the 
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ti»n  .-Hid 
•rifice,  in 
Frum-h  inches. 

Depth  of 
the  centre 
of  the 

oritire.sin 
French 
feet. 

Quantity 
discharged 
in  cubic 
feet. 

Time  of 
discharge 

in 
seconds. 

Theoretical 
time, 
calculated 
from 

t           D 

Resulting 
coeffi- 
cients of 
discharge. 

7'77A\/*. 

Square  orifice, 
3"  x  3" 

6-613 

11-676 
11-818 
21-691 
21715 

463-604 
566-458 
516.785 
612-118 
415-437 
499-222 

600             371-3 
720            445-6 
510            31T4 
600            366-6 
300            183-7 
360            220-6 

•619 
•619 
•610 
•611 
•612 
•613 

Mean  value  of  the  coefficient  ;  square  orifice  3"  x  3"  .     .           '614 

Square  orifice, 
2"  x  2" 

6-625 
11-426 
21-442 

329-806 
423-465 
385-333 

900 
900 
600 

594- 
580-4 
385-7 

•660 
•645 
•(343 

Mean  value  of  the  coefficient  ;  square  orifice  2"  x  2"  .     .     .     '649 

Square  orifice, 
l"xl" 

6-757 
11-889 
21-507 

158-549 
163792 
562-944 

1800 
1440 
3600 

1585- 
880-6 
2249-9 

•628 

•6ia 

'625 

Mean  value  of  the  coefficient  ;  square  orifice  1"  x  1"  .     .     .     '621 

Circular  orifice, 
3"  diameter 

6-694 
11-590 
21-611 

542-85             900 
570-972           720 
521-299           480 

550-1 
439-6 
1193-8 

•611 
•610 
•612 

Mean  value  of  the  coefficient  ;  circular  orifice  3"  diameter   .     'Gil 

<'iivular  orifice, 
•1   diameter 

6-785 
11-722 
21  -903 

488-687 
589-535 
575-486 

1800 
1680 
1200 

1108-1 

1016-4 
725-9 

•616 
•605 
•605 

Mi-an  value  of  the  coefficient  ;  circular  orifice  3"  diameter  .     '609 

I'irculnr  orifice, 
1"  diameter 

8-878 

11-722 
21-903 

247-354 
324-11 
444-535 

3600 
3600 
3600 

2227- 
2288' 

2237-2 

•619 
•620 
•621 

Mean  vnluc  of  the  coefficient  ;  circular  orifico  1"  diameter    .     '620 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  circular  orifices. 

It  may  be  remarked  here  in  passing  how  universal 
the  coefficients  '613  to  *628  are  for  all  forms  of 
orifices  in  thin  plates ;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  '62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
face in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  in  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  further  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  "62  or  thereabouts  in  gauging  for  all 
orifices,  weirs  included,  no  matter  what  the  thickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  '5  to  1  or  more,  and  hence 
the  necessity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to  rule. 

The  experiments  made  by  the  Abbe  Bossut,  con- 
tained in  the  following  table,  give  the  mean  value  of 
cd,  for  both  circular  and  square  orifices,  equal  to  '616 

metre  is  equal  to  3 '2809  English  feet,  or  39 '371  inches.  The  tenth 
part  of  a  metre  is  the  decimetre,  and  the  tenth  part  of  the  decimetre 
the  centimetre,  as  the  names  imply.  TABLE  XIV.  contains  the 
weights  and  measures  in  general  use  in  Great  Britain  and  France,  with 
their  general  ratios  to  each  other. 
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nearly ;  mul  it  may  be  perceived  that,  for  the  small 
depth  in  the  last  experiment,  the  coefficient  rises  so 
hi, tih  as  *649.  These  and  other  experiments  led  the 
Abbe  to  construct  a  table  of  the  discharges,  at  different 

COEFFICIENTS  FROM   BOSSVT's  EXPERIMENTS. 


fa 

•^  i-2 

d 

«  gjj 

111 

*|^ 

B| 

Description,  position,  and  size  of 

.^S.a 

"cS  o 

.0   ^    < 

^•3 

orifice,  in  French  inches. 

•cS| 

J-3? 

2  p<3 

O  O  *"  * 

If 

5-  2 

§-o£ 
p 

ill 

|Epl 

Horizontal  and  circular,  ^"  diameter 

140-832 

2311 

3760-8 

•til  4 

Horizontal  and  circular,  1  "  diameter 

140-832 

9281 

15043-3 

•(517 

Horizontal  and  circular,  2"  diameter 

140-832 

37203 

60173-1 

•618 

Horizontal  and  rectangular,  1"  x  i" 

140-832 

2933 

4788-4 

•613 

Horizontal  and  square,  1  "  x  1  "  .     . 

140-832 

11817 

191537 

•617 

Horizontal  and  square,  2"  x  2"  .     . 

140-832 

47361 

76614-6 

•617 

Lateral  and  circular,  ^"  diameter  . 

108- 

2018 

3293-3 

•613 

Lateral  and  circular,  1  "  diameter  . 

108' 

8135 

13173-3 

•617 

Lateral  and  circular,  i"  diameter  . 

48' 

1353 

2195-5 

•616 

Lateral  and  circular,  1  "  diameter  . 

48- 

5436 

8782-2 

•616 

Lateral  and  circular,  1  "  diameter  . 

0-5833 

628 

968- 

•649 

depths,  from  a  circular  orifice  1  inch  in  diameter,  from 
which  the  author  has  determined  the  following  table  of 
coefficients.  These  increase,  as  the  orifice  approaches 
the  surface,  from  '617  to  "621 ;  and  at  lesser  depths 

COEFFICIENTS    DEDUCED   FROM    BOSSUT'S   EXPERIMENTS. 


Heads, 
in  f«et. 

Coefficients. 

Heads, 
in  feet. 

Coefficients. 

Heads, 

in  feet. 

Coefficients. 

1 

•621 

6 

•620 

11 

•619 

2 

•621 

7 

•620 

12 

•618 

3 

•621 

8 

•619 

13 

•618 

4 

•620 

9 

•619 

14 

•618 

5 

•li-J'j 

10 

•619 

15 

•617 
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than  1  foot  other  experiments  show  an  increase  in  the 
coefficient  up  to  '650.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeffi- 
cients for  square  orifices  8"  X  8"  as  they  approach  the 
surface  from  '601  to  *572. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  different  depths,  give  a  mean 

COEFFICIENTS   CALCULATED   FROM   BRINDLEY   AND   SMEATON'S 


EXPERIMENTS. 


1  foot  head 
2  feet  head  : 
3  feet  head 
4  feet  head 
5  feet  head 
6  feet  head 

orifice 
orifice 
orifice 
orifice 
orifice 
orifice 

1" 
1" 

1" 

1" 

xl" 
x  1" 
x  1" 
xl" 
xl" 
xl" 

coefficient 
coefficient 
coefficient 
coefficient 
coefficient 
coefficient 

•639 
•635 
•648 
•632 
•632 
•557' 

-mean  '637. 


value  for  cd  of  '637.  The  last  experiment,  with  an 
orifice  only  \  inch  by  \  inch,  gives  so  small  a  coefficient 
as  '557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6|  inches 
deep,  Brindley  and  Smeaton's  experiments  give  the 
mean  value  of  cd='637.  The  coefficients  of  discharge 

COEFFICIENTS  FOR  NOTCHES,  CALCULATED  FROM  BRINDLEY  AND 
SMEATON'S  EXPERIMENTS. 


Ratio  of  the 

Size  of 

Ratio  of  the 

Size  of 

length 

notches  in    Coefficients. 

length 

notches  in 

Coefficients. 

to  the  depth. 

inches. 

to  the  depth. 

inches. 

•92  to  1 

6x64 

•633 

3'7  to  1 

6xl| 

•638 

1-07  tol 

6  x  5| 

•571 

4'4  to  1 

6xl| 

•654 

1-2     to  1 

6x5 

•609 

4-8  to  1 

6xl| 

•681 

i  1-92  to  1 

6x3i 

•602 

6'    tol 

6x1 

•713 

2-4     to  1 

6x2j|* 

•636 

Mean  value.                  '637 

*  The  depth  is  misprinted  2^  inches  in  the  Encyclopaedias,  the 
resulting  coefficient  for  which  would  be  '568  instead  of  '636  as  above, 
for  a  depth  of  2T5S  inches. 
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for  notches  and  orifices  appear  to  differ  as  little  from 
each  other  as  those  for  either  do  in  themselves.  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  with  notches  18'4  inches, 
long,  give  the  mean  value  of  cd='632,  which  differs 
very  little  from  the  mean  value  determined  from. 
Brindley  and  Smeaton's  experiments. 

COEFFICFEXTS   FOU   NOTCHES,    CALCULATED    FROM    DU    SCAT'S 
EXfKBIMKNTS. 


Ratio  of  the 
length 
to  the  depth. 

Size  of 
notches  in 
inches. 

Coefficients. 

Ratio  of  the 
lencrth 
to  the  depth. 

Size  of 
notches  in 
inches. 

Coefficients. 

272  to  1 

:;-'.'4  to  1 

18-4x6753 

18-4  x  4-i;i;.-, 

•630 
•627 

575  to  1 
10-3    to  1 

18'4  x  3-199 
18-4x1778 

•624 
•646 

Poncelet  and  Lesbros'  experiments  give  the  coeffi- 
cients in  the   following  table,  for  notches   8  inches- 

i  "1H 'I!  IKNTS    FOK    Mm  IIKS,     i:V    POXCF.I.l'.T    AXD    I.K.SRUOS. 


Ratio  of  the 

Size  of 

Ratio  of  the 

Size  of 

length 

notches  in 

Coefficients. 

length 

notches  in 

Coefficients. 

to  tho  depth. 

inches. 

to  the  depth. 

inches. 

•9  to  1 

8x9 

•577 

1    3-33  tol 

8x2-4 

•601 

1      to  1 

8x8 

•585 

5       to  1 

8x1-6 

•611 

1  -3  to  1 

8x6 

•590 

•••7    tol 

8xl"2 

•618 

•J     tol 

8x4 

•582 

10       tol 

8x0-8 

•626 

2-5  to  1 

8x3-2 

•696 

20       tol 

8x0-4 

•636 

wide  ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  '603.     Here  the  coefficients  increase 
in   every  instance  as  the  depths  decrease,  or  as  tin- 
ratio  of  the  length  of  the  notch  to  its  depth  incren 
It  will  be  necessary  to  refer  to  the  valuable  experi- 
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merits  made  at  Met/,  on  the  discharge  from  differently- 
proportioned  orifices  immediately. 

Rennie's  experiments  for  circular  orifices  at  depths, 
from  1  foot  to  4  feet,  and  of  diameters  from  5-  inch, 
to  1  inch  give  the  following  coefficients.  Here  the 

COEFFICIENTS    FOR   CIRCULAR   ORIFICES,    FROM    REXNIE's 
EXPERIMENTS. 


Heads  at  the 

centre  of 

Jinch 

*  inch 

3  inch 

1  inch 

Mean 

each  orifice 

diameter. 

diameter. 

diameter. 

diameter. 

values. 

in  feet. 

1 

•671 

•634 

•644 

•633 

•645 

2 

•653 

•621 

•652 

•619 

•636 

3 

•660 

•636 

•632 

•628 

•639 

4 

•662 

•626 

•614 

•584 

•621 

Means 

•661 

•629 

•635 

•616 

•635 

increase  for  the  coefficients  for  lesser  orifices  and  at 
lesser  depths  exhibits  itself  very  clearly,  notwithstand- 
ing a  few  instances  to  the  contrary.  The  mean  value 
of  the  coefficient  cd  derived  from  the  whole,  is  '635.. 
For  small  rectilineal  orifices  the  coefficients  were  as. 
follows  :  — 


COEFFICIENTS   FOR   RECTANGULAR   ORIFICES,    FROM 
EXPERIMENTS. 
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•617 

•617              '663 

?j 

•596 

2 

•634 

•635               '668 

tj 

•577 

3 

•606 

•606 

•606 

tl 

•572 

4 

•593 

•593 

•593 

•593 

•593 

Means 

•613 

•613               '632 

•593 

•585 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  inches  wide,  nearly,  and 
of  different  vertical  dimensions  placed  at  various 
•depths  down  to  10  feet.  The  discrepancies  as  to 
any  general  law  in  the  relation  of  the  different 
values  of  the  coefficient  of  discharge  cd  to  the  si/e 
and  depth  of  the  orifice  in  the  preceding  experi- 
ments, have  been  remedied  to  a  great  extent  by 
these.  They  give  an  increase  of  the  coefficients  for 
the  smaller  and  very  oblong  orifices  as  they  approach 
the  surface,  and  a  decrease  under  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
•orifices.  There  are  a  few  depths  where  maximum  and 
minimum  values  are  obtained  :  the  terms  "  maximum 
«md  minimum  values  "  are  used  for  those  which  are 
greater  in  the  one  case  and  less  in  the  other  than 
the  coefficients  immediately  before  and  after  them; 
und  not  as  being  numerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimum 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients,  TABLE  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices, 
mid  by  adding  half  the  depth  of  the  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinking  of  the  surface  takes  place 
for  heads  less  than  from  five  to  three  times  the  depth 
of  the  orifice,  the  coefficients  arc  arranged  in  pairs, 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  61 

used.  A  very  considerable  increase  in  the  value  of  the 
coefficients  for  very  oblong  and  shallow  small  orifices, 
may  be  perceived  as  they  approach  the  surface,  and 
the  mean  value  for  all  rectilinear  orifices  at  consider- 
able depths,  seems  to  approach  to  '605  or  '606. 

It  is  shown,  equation   (29),  that  the  discharge   is 


approximately,  in  which  expression  d  is  the  depth  of 
the  orifice,  and  h  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value  of  cd  simply,, 
which  is  given  in  TABLE  I.,  but  the  value  of  cd  x 

c  d3    )  

-j  1  —  -— ys  ]• ,  the   coefficient  of  A  \/2  g  h,   equation 
v.          Jo  II  ) 

(29).     The  coefficients  in  the  table  are,  therefore,  less 

than  the  coefficients   of  discharge,  strictly  so  called, 

72 

by  a  quantity  equal  to  A. — r.      The  value  of  this  ex- 
96  /* 

pression  is  in  general  very  small,  and  it  is  easy  ta 
perceive  from  the  first  of  the  expressions  in  equation 
(31),  pp.  49  &  50,  that  it  can  never  exceed  4'2  per  cent., 
or  more  correctly  "0417  in  unity.  If  it  be  required  to 
know  the  discharge  from  an  orifice  4  inches  square 
=  4"  X  4",  with  its  efctic^  4  feet  below  the  surface,  — 
which  is  equivalent  to  a  head  of  3  feet  10  inches  at 
the  upper  side.  From  the  table  the  value  of 

<Vl  j  1  —  n/7     1  is  *601  '    henCG 

(  96  \i~  ) 

D  =  -601  x  A  V"2~77t  ==  "601  x  -  x  8-025  x  2  — 

*  9 

•601  x  -  x  16-05  =  -  x  9-646  =  1-072 

9  9 
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•cubic  feet  per  second.  '  In  the  absence  of  any  experi- 
ments with  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coefficients  given  in  this  table  ;  and,  in 
order  to  do  so  with  judgment,  it  is  only  necessary  to 
observe  the  relations  of  the  sides  and  heads.  For 
«  xample,  if  the  side  of  an  orifice  be  16"  X  4",  then 
seek  for  the  coefficient  in  that  column  where  the  ratio 
of  sides  is  as  four  to  one,  and  if  the  head  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
coefficient  '626  will  be  found,  which  in  this  case  is  the 
-;iine  for  depths  measured  behind,  or  at  the  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
experiments  of  Miehelotti  and  Kossut,  pages  54  and 
56,  are  most  applicable ;  and  also  the  coefficients  of 
liennie,  p.  59.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  applicable  to  orifices 

in  thin  plates,  or 
those  having  the 
outside  arrises 
chamfered  as  in 
Fig.  8.  Very  little 
dependence  can  be 
placed  on  calcula- 
tions of  the  quan- 
tities of  water  dis- 
charged from  other  orifices,  unless  where  the  coeffi- 
cients have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCHES   ANI>    WI.IRS. 

Some  coefficients  have  been  already  given  at  pages 
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57  and  58,  derived  from  experiments  of  Du  Buat, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
large  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surface,  when 
the  proper  formula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros'  coefficients  for 
notches,  page  58,  be  compared  with  those  for  an 
orifice  at  the  surface,  TABLE  I.,  there  is  little  prac- 
tical difference  in  the  results,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
•exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  found  for  the  orifice  at  the  surface, 
arise  from  the  upper  edge  attracting  the  fluid  to  it 
and  lessening  the  effects  of  vertical  contraction,  as 
well  as  from  less  lateral  contraction.  Indeed,  the 
results  obtained  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  uniform,  and 
at  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
adhesion,  and  external  circumstances  than  when  the 
depths  are  considerable.  It  will  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
depths  of  1  and  2  inches  was  '676  for  a  thin  plate  3 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
creased up  to  "805. 

The  experiments  of  Castel,  with  weirs  up  to  about 
30  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  "497  for  notches 
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extending  over  one-fourth  of  the  side  of  a  reservoir : 
and  to  the  coefficient  '664  when  they  extend  for  the 
whole  width.  For  lesser  widths  than  one-fourth,  th- 
coefficients  decrease  down  to  '584 ;  and  for  those 
extending  between  one-third  of,  and  the  whole  width, 
they  increase  from  '600  to  *665  and  '680.  Bidone 
found  c(l  =  '620,  and  Eytelwein  cd  —  '635.  It  will  be 
perceived  from  these  and  the  foregoing  results,  that 
the  third  place  of  decimals  in  the  value  of  cd,  and 
even  sometimes  the  second,  is  very  uncertain ;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir. 
weir-basin,  and  approaches,  still  further  modify  its 
value. 

AVhen  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  for  orifices,  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  "G04  to  '601,  with  a  head  of  4  feet ;  but  for 
u  head  of  only  4£  inches,  the  coefficient  fell  from 
•572  to  '483,  the  orifice  being  8"  x  8".  For  notches 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inche^ 
long,  the  coefficient  fell  from  "582  to  '479,  for  a  head 
of  8  inches ;  and  from  *622  to  '340,  for  a  head  of  only 

1  inch.     Castel  found  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4°  18',  that  the  mean  coefficient  for  heads  from 

2  to  4£  inches  was  only  *527.     Tattle  dependence  can. 
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therefore,  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The   author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 

COEFFICIENTS  FOR  SHORT  WEIRS  OVER  BOARDS. 

Heads  measured  on  the  crest. 


Depths 
in  inches. 

Coefficients. 

Depths 
in  inches. 

Coefficients. 

Depths 
in  inches. 

Coefficients. 

1 

•762 

3 

•801 

5 

•733 

1* 

•662 

54 

•765 

« 

•713 

1* 

•673 

34 

•748 

54 

•735 

If 

•692 

Si 

•740 

5f 

•729 

2 

•684 

4 

•759 

6 

•727 

2* 

•702 

i| 

•731 

7 

•716 

sj 

•756 

44 

•744 

8 

•726 

H 

•786 

4| 

•745 

Mean 

•732 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."  t  The  heads  or  depths 
were  here  measured  on  the  weir,  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  still  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1850,  t 
give  the  following  coefficients. 

"  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."  The  length  of  the  over- 

*  Trait6  Hydraulique,  par  D'Aulraisson,  pp.  46,  94  et  95. 
f  Civil  Engineer  and  Architect's  Journal  for  1851,  p.  647. 
t  Civil  Engineer  and  Architect's  Journal  for  1851,  pp.   642  and 
645. 
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COEFFICIENTS  DERIVED   FROM  THE   EXPERIMENTS   OF   ELACKWELL 
AND  SIMPSON*. 


Heads 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

I  to  I 

•591 

4* 

•743 

6 

•749 

1  to  Vs 

•626 

*& 

760 

<5£ 

•748 

togj 

•682 

4f 

•741 

6A  to  61 

•747 

2| 

•665 

4& 

•750 

6^ 

772 

2§ 

•670 

4* 

•725 

ri 

•717 

•665 

5 

•780 

8 

•802 

28 

•653 

5i5S 

•781 

8  to  8« 

•737 

2tf 

•654 

51 

•749 

8« 

•750 

3  to  3i 

•725 

5&  to  51 

•751 

9 

4 

•745 

511 

•728 

Mean 

fall  was  10  feet.  The  heads  were  measured  from  still 
water  at  the  side  of  the  reservoir,  and  at  some  distant-* 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, by  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section,  Fig.  9,  of  the  weir  and  overfall  in 
connection  with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
5  inches  the  velocity  of  approach  to  the  weir  wa> 
"  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  '802,  while  the  coefficient  (derived  from  three 
experiments)  for  a  depth  of  7-H  inches  is  '717,  and 
for  depths  from  8  to  8-}--£  inches  the  mean  coefficient 
is  *743  :  as  all  the  attendant  circumstances  appear  the 
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same,  these  discrepancies  and  others  must  arise  from 
some  undescribed  circumstances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
was  increased  while  making  one  set  of  experiments, 
without  affecting  the  still  water  near  the  side  where 
the  heads  appear  to  have  been  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,  Mr.  Blackwell,  on  the  Kennet  and 


Avon  Canal,  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  every  circumstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
quently, on  the  coefficient. 

The  experiments  made  by  Mr.  Blackwell,  on  the 
Kennet  and  Avon  Canal,  in  1850,*  afford  very  valuable 
instruction,  as  the  form  and  width  of  the  crest  were 

*  Civil  Engineer  and  Architect's  Journal,  1851,  p.  642. 
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varied,  and  brought  to  agree  more  closely  with  actual 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earlier  experimenters.  The  author  has  calculated  and 
arranged  the  coefficients  in  the  following  table  from 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  very  considerable ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  under, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  same  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  3  feet  long. 


The  dotted  lines  on 
Plan  show  the  sub- 
merged masonry  ap- 
pearing at  C  in  Section. 


The  plan  and  section,  Fig.  10,  will  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfall  made 
use  of  in  these  experiments.  The  area  of  the  reser- 
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voir  was  SA.  IR.  30p.,  and  the  head  was  measured 
from  the  surface  of  the  still  water  in  it,  which  remained 
unchanged  between  the  beginning  and  end  of  each 
experiment.  The  width  of  the  approach  A  B  from 
the  reservoir  was  about  32  feet ;  the  width  at  a  b 
about  13  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
overfall.  The  depth  in  front  of  the  dam  appears  to 
have  been  about  3  feet ;  the  depth  on  the  dam,  next 
the  overfall,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  IS  inches. 
Altogether,  the  circumstances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefficients  become  less  for  heads  over 
six  inches,  with  a  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accurate!}',  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vaiy ;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6'098  cubic 
feet  to  6'491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
aiv  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
eit-nts  for  a  plank  10  feet  long  and  2  inches  thick 
in  the  ion-going  table  be  compared  with  those  for  the 
same  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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diately  how  much  the  form  of  the  approaches  affects 
the  discharge.  Indeed,  were  the  area  of  the  reser- 
voir at  Chew-Magna  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  still  continue  the  larger,  though  not  fully 
as  large  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.t 
The  heads  given  in  the  6th  column  are  those  which 


*  There  is  a  very  important  omission  in  all  the  preceding  experi- 
ments on  weirs  and  notches.  In  Fig.  10,  for  instance,  it  would  have 
been  necessary  to  obtain  the  heads  at  A  B  and  a  b  in  each  experiment, 
above  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itself.  These  are,  perhaps,  best  calculated  by  means  of  the  observed 
velocity  of  approach.  They  would  indicate  the  resistances  at  the 
different  passages  of  approach,  and  enable  us  to  calculate  the  coeffi- 
cients correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.  The  coefficients  in  the  two  previous  tables  are  not 
as  valuable  as  they  otherwise  would  be  from  this  omission.  The  level 
of  still  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  from  still  water  must  give  larger 
coefficients  than  if  taken  from  the  centre  of  the  current.  This  may 
account,  to  some  extent,  for  the  larger  coefficients  in  the  first  table, 
but  apart  from  this,  the  short  contracted  channel  immediately  above 
the  waterfall,  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefficients. 

t  Lowell  Hydraulic  experiments.     New  York,  1855. 
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45-4         3-33 

•623 

3 

9-997 

1-00 

33-4 

•44 

1-00 

1-00 

32-5         3-32 

•621 

4 

7-997 

1-01 

26-8 

•36 

1-02 

1-02 

26-3         3-36 

•628 

5 

9-997 

1-05 

36- 

•97 

1-06 

1-06 

35-8 

3-35 

•626 

6 

9-995 

0-98 

32-6 

•54 

0-99 

•98 

32-4 

3-34 

•624 

7 

9-995 

1-00 

33-5 

•55 

1-01 

1-00 

33-3         3-33 

•623 

8 

9-997 

0'80 

23-5 

•33 

•80 

•80 

23-4         3-32 

•621 

9 

9-997 

0-82 

25- 

•75 

•83 

•83 

24-8         3-34 

•624 

10 

9-995 

0-80 

23-9 

•40 

•80 

•80 

23-8         3-34 

•624 

11 

9-997 

0-62 

lti-2    -!•'> 

•62 

•62 

16-0         3-33 

•623 

12 

9-997 

0-65 

17-:.  •:.:; 

•65 

•65 

17-2 

3-33 

•623 

13 

7-997 

0-68 

14-6 

•45 

•68 

•68 

14-5 

3-34 

•623 

would  give  the  observed  dischai'ge  from  the  formula 


As  also  from  equation  (39) 


therefore, 


/*'= 


the  values  of  which  are  given  in  column  G.  The 
values  of  h"  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 
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n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  3'32  to  3*36. 

In  this  table  the  theoretical  head  -^-  =  '0155  vl  due 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  '02  of  a  foot.  However,  this  head  is  much 

greater,  and  should  be  taken  =   -2 — ?Ln —  —    '04   vl  or 

Cd    X    2# 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  cd  in  the  10th  column.  The 
differences  between  h,  h',  and  h"  in  columns  3,  6,  and 
7  are  here,  practically,  of  little  moment,  and  the  value 
of  cd  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  13 
inches  x  1  inch,  the  top  was  rounded  off  at  both 
arrises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches 
in  thin  plates  from  '617  to  '628  for  the  value  of  cd. 

Professor  Thomson's  experiments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi- 
cient of  -617.  Vide  Note  p.  42. 

HEAD,    AND    FROM   WHENCE    MEASURED. 

By  referring  to  TABLE  I.,  it  is  seen  that  there  is  a 
difference  in  the  coefficients  as  obtained  from  heads 
measured  on  and  above  the  orifice.  This  difference  is 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface  ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  var}%  In  the  Kennet 
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:ind  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge"  (by  which  is  understood  the  lower 
edge)  of  the  crest  were  as  follows : — 

DIFFERENCE   OF   IIKADS   MEASURED  OX  AND   ABOVE  WEIRS. 
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No  intermediate  heads  are  given,  hut  those  registered 
point  out  very  clearly  the  great  differences  which  often 
( xist  between  the  heads  measured  on  a  weir,  or  notch, 
and  those  measured  from  the  still  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
n  crest  2  feet  wide,  with  14£  inches  depth  on  the  upper 
edge,  we  have  found  that  the  depth  on  the  lower  edge 
is  reduced  to  11|  inches,  or  as  1'26  to  1.  The  head 
taken  from  8  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients,  but  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessar}r  in  all  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  cd. 

Du  Buat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  h, 


equation  (6) 

=  -lh  VYpT  x   {  1  -  (-}^\=  '646  x  -  I  h  V  2  g  li, 

3  1  \2/  J  3 

to  agree  pretty  closely  with  his  experiments,  seems 

h 
to  have  assumed  that  the  head  h  is  reduced  to  -^  in 

passing  over.  This  is  a  reduction,  however,  which 
never  takes  place  unless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
putting  h  for  the  head  measured  from  the  surface  in 
the  weir  basin,  and  hw  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(32.)  h  -  hw  =  '14  VT, 

for  measures  in  feet,  and 

(33.)  h  -  hw  =  '48  \Th, 

for  measures  in  inches.     The  comparative  values  of 

h  and  7zw  depend,  however,  a  good  deal  on  the  particular 
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circumstances  of  the  case.  Dr.  Robinson  found  * 
h  =  I'lll  hw,  when  //  was  about  5  inches.  The 
expressions  given  are  founded  on  the  hypothesis,  that 
h  —  ftw  is  as  the  velocity  of  discharge,  or  as  the  V  // 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufficient  accuracy  the  relative 
values  of  h  and  hw.  Unless  for  very  small  heads  the 

sinking  will  be  found  in  general  to  vary  from  j~  to  ~.» 

and  in  practice  it  will  always  be  useful  to  observe  the 
depths  on  the  wreir  as  well  as  the  heads  for  some  dis- 
tances (and  particularly  where  the  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
differences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  h  —  hv  w  ' 

r 


-   ==r, 

hence  h  =  -       -  hw  and  hv=—      .  h. 
r  r  +  1 

Now  the  discharge  may  be  considered  as  that  which 
would  take  place  through  an  orifice  whose  depth  is  hw 
with  a  head  over  the  upper  edge  equal  to  h  —  //„. 

w  ;  hence  from  equation  (6)  the  discharge  is  equal  to 


a,  x.  .»- 

-I-  1 


/r  -I-         V* 
and  substituting  for  h*  its  value  f  -  hwY,  then  the 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  iv.  p.  "212. 
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value  of  the  discharge  is 

(34.)     D  =  - 1  A»  V  2  a  hv  x  cd\  [  1  -\ — V  —  (~}[. 
3  (\         rj         \r  J  ) 

As  the  value  would  be  expressed  by 

2  _.     _ 

-IK,  \/2#/?w  X  cd 

if  the  head  li  —  hw  were  neglected,  it  is  evident  the 
coefficient  is  increased,  under  the  circumstances,  from 
cd  to 


or,  more  correctly,  the  common  formula  has  to  be 

(1\5         /1\^ 
1  +~)2  ~v    )2>  to  find  the   true  dis- 
charge, and  the  value  of  this  expression  for  different 
values  of  -  =  n  will  be  found  in  TABLE  IV.     If  it  be 

supposed  that 

h^  1       _! 

and  find  from  the  table  (l  +  -  V  -  (~Y  =  1*1221. 


Now  if  the  value  of  cd  be  taken,  for  the  full  head  h,  to 
be  '628,  then  will  1-1221  x  '628  =  '705,  rejecting 
the  latter  figures,  be  the  coefficient  when  the  head  is 

1        2 
measured  at  the  orifice;  and  if  —  =  ^  =  n,  then  in 

the  same  manner  the  new  coefficient  would  be  found  to 
be  1-2251  x  '628  —  '769  nearly.  The  increase  of  the 
coefficients  determined,  page  65,  from  Mr.  Ballard's 
experiments  is,  therefore,  evident  from  principle,  as 
the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  discharge,  the 
heads  both  on,  at,  and  above  a  weir  should  be  taken. 
Most  of  the  discrepancies  in  the  coefficients  determined 
from  experiment  have  arisen  from  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  be  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  MAIN  DRAINAGE  QUESTION  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  account  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
applied  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  Boileau's  experiments ; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h&  on  the  weir,  may  be 
calculated  from  equation  (34). 

If  the  head  /?w  were  used  instead  of  h,  to  calculate 

the  discharge,  then  when  r-  =  1/2,  a  coefficient  of  '628 

«*w 

for  the  head  h  would  become  '769  for  the  head  hw  in 
equation  (34).  For  -  =  '2,  and,  therefore,  T.vr.i.K 
IV.,  -628  xf  (1-2)5  _  (-2)2  =  -C28  x  1-2251  ==  - 
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TABLE  showing  the  ratio  of  the  head,  h,  to  the  depth,  hv,  on  a  Plank 
Weir  of  the  full  width  of  the  Channel,  immediately  at  the  upper  cdye, 
or  — -,  see  equation  (33),  when  the  sheet  of  water  is  free  after  passing 

"w 

over,  with  air  under  it. 


Values  of  the  head  Ji  divided  by  the  thickness  of  the  sheet  of 
water  passing  over  the  weir  immediately  at  the  upper  edge  ; 

h         6 

Head  h 

average  r-  =   F  =  1  '2  between  heads  of  3  and  14  inches. 

in  feet. 

Height  of 
weir  in  feet, 

Height  of 
weir  in  feet, 

Height  of 
weir  in  feet, 

Height  of 
weir  in  feet, 

•86'. 

1-07'. 

1-33'. 

1-71'. 

•1 

1-339 

1-285 

•13 

1-282 

1-320 

1-250 

•16 

1-260 

1-285 

1-228 

•20 

1-234 

l'-243 

1-249 

1-214 

•23 

1-223 

1-232 

1-231 

1-205 

•26 

1-216 

1-232 

1-223 

1-200 

•3 

1-212 

1-228 

1-218 

1-199 

•33 

1-210 

1-225 

1-217 

1-199 

•39 

1-206 

1-221 

1-112 

1-197 

•46 

1-202 

1-216 

1-206 

•53 

1-199 

1-201 

•59 

1-196 

... 

1-195 

•66 

1-192 

1-191 

•82 

1-186 

•99 

1-184 

1-15 

1-182 

If  the  head  hw  were  used  instead  of  h  to  calculate  the  dis- 
charge, when  j-  —  1'25,  TABLE  next  page,  then  a  coeffi- 
cient of  '628  for  the  head^  would  become  '799  for  the  head 
hw  n  equation  (34).  For  —  =  '25  ;  and,  therefore,  the 

value   of  cd  {  ( 1  +  ^  -  (  *  J  }  ,  TABLE  IV.,  is  "628 

X  (1-25)1  -  ('25)1  -  '628  x  1-2725  =  '799.     And  so 
on  we  may  calculate  the  value   of  the   coefficient  to 
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be  applied  to  the  depth  hw  on  the  weir,  for  any  other 
ratios  between  h  and  /<w  by  means  of  equation  (34). 


TABLE  showing  the  ratio  ^-,  equation  (33),  when  the  sheet  of 

hw 

passing  over  is  in  contact  with  the  crest  and  with  the  water  imme- 
diately below  a  Plank  Weir. 


Values  of  r—  for  different  heights  of  weirs  and  for  different 

heads;  mean  value  for  heads  between  3  and  14  inches,  equal 

5   _ 

Head* 

4   *"~ 

in  feet. 

Height  of  weir 
in  feet, 

Height  of  weir 
in  feet, 

Height  of  weir 
in  feet, 

ror. 

11'. 

1-38'. 

•43 

1-283 

•46 

1-275 

1-291 

•49 

1-256 

1-266 

1-281 

•53 

1-250 

1-258 

1-271 

•59 

1-236 

1-245 

1-254 

•66 

1-225 

1-232 

1-241 

•73 

1-216 

1-223 

•79 

1-208 

1-216 

•86 

1-202 

1-208 

•92 

1-198 

1-203 

•99 

... 

1-198 

Boileau  made  some  valuable  experiments  at  Metz, 
which  were  published  in  1854.  They  give  the  follow- 
ing results  for  vertical  plank  weirs  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 


Height  of  weir  over  bot- 
tom of  channel  in  feet. 

3' 
1-3 

•6 


Head  above. 

•2  to  1-6 
•16  to  '5 
•15  to  -25 


Mean  coefficient 

•645 
•622 
•625 


"NY hen  the  water  passing  over  adhered  to  the  crest, 
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and  no  air  between  the  sheet  passing  over  and  the 
water  below  the  weir,  the  experiments  gave 


2-  1-      to  1-6  -694 

1-8  '6    to  1-8  -690 

•6  -36  to  1-3  '675 

When  the  plank  weir  leant  up-stream  4  inches  to  a 
foot,  the  mean  value  of  od  was  *620,  the  height  of  weir 
being  1'5  foot,  and  with  heads  from  '23  to  "5  foot. 
When  its  crest  was  rounded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  '26  foot,  '696,  and  with 
a  head  of  '52  foot,  *843  ;  the  water  adhering  to  the  crest. 
With  a  head  of  '6  foot  the  coefficient  was  '867,  and  with 
a  head  of  *85  foot,  '840,  when  the  water  passed  over 
without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 
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••COEFFICIENTS  of  Vertical  Plank  Weirs  at  right  angles  to  the  Channel, 
ic fie n  tlte  edge  is  clutmfered  at  the  lower  arris,  and  when  the  head 
passing  over  is  in  contact  with  the  water  at  and  below  tlie  Weir ;  or 
wheti  the  water  'immediately  below  the  Weir  rises  to  the  crest.  TIte 
maximum  coefficient  '733  appears  to  obtain  u'hen  the  height  of  the 
Weir  is  double  thz  depth  passing  over  the  crest. 


Head  h 
in  feet. 

Heights  of  weirs,  in  feet,  over  the  bottom  of  the  channel,  and 
corresponding  values  of  the  coefficient  of  discharge  Q  in  the 
formula  v  =  cd  x  f  Vz~yh^ 

Head  h 
in  fuet. 

•66' 

•82' 

•99' 

1-15' 

1-32' 

1-48' 

1-65' 

1-81' 

1-98' 

•30 
•33 
•36 
•39 
•43 
•46 
•49 
•53 
•56 
•59 
•63 
•66 
•73 
•79 
•86 
•92 
•99 
1-05 
1-12 
1-19 
1-25 
1-32 
1-39 
1-45 
1-52 
1-58 
1'65 

•727 
•724 
•721 
•718 
•714 
•709 
•702 
•694 
•687 
•679 
•676 
•672 
•667 
•661 
•655 
•648 
•640 
•631 
•627 
•625 
•625 
•625 

•30 
•33 
•36 
•39 
•43 
•46 
•49 
•53 
•56 
•59 
•63 
•66 
73 
•79 
•86 
•92 
•99 
1-05 
1-12 
1-19 
1-25 
1-32 
1-39 
1-45 
1-52 
1-58 
1-65 

•708 
•699 
•693 
•687 
•682 
•678 
•672 
•666 
•660 
•655 
•652 
•645 
•636 
•636 
•636 
•636 

715 

•708 
•700 
•694 
•689 
•684 
•678 
•673 
•669 
•666 
•666 
•657 
•646 
•646 
•646 
•646 

•724 
•718 
•712 
•705 
•700 
•696 
•690 
•685 
•681 
•678 
•678 
•669 
•657 
•657 
•657 
•657 

•729 
•721 
•717 
•714 
•708 
•705 
•700 
•699 
•693 
•681 
•667 
•666 
•666 
•666 
•666 
•664 
•661 
•658 
•655 

•733 

•729 
•724 
•720 
703 
•691 
•679 
•675 
•675 
•673 
•672 
•670 
•667 
•663 
•658 

•712 

•702 
•690 
•685 
•682 
•679 
•678 
•675 
•672 
•669 
•663 

•720 
•711 

•700 
•694 
•690 
•685 
•682 
•679 
•676 
•672 
•666 

•729 
•720 
•711 
•703 
•696 
•691 
•684 
•684 
•681 
•675 
•667 

The  effect  of  the  form  of  the  crest  in  increasing  the 
coefficients  is  distinctly  observable  in  the  next  table, 
although  the  weirs  experimented  on  overhung  the  water 
above,  between  the  crest  and  the  bottom  of  the  channel. 
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The  following  table  gives  the  result  of  experiments 
on  chamfered  plank  weirs,  for  gauging,  extending  acros> 
a  channel  at  right  angles  to  it,  when  the  back-water 

TABLE  of  Experimental  Coefficients  for  Plank  "Weirs  leaning  up-stream, 
when  Hie  crest  has  the  dmcn-strcam  arris  rounded  to  a  qua/Irani ;  and 
wlien  the  crest  is  cylindrical  and  projecting  up-stream  in  the  form  of 
a  knob. 


Head  h 
in  feet. 

Plank  weir  leaning  up-stream 
one-third  to  one;    the   lower 
arris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with    a 
radius  the   full  thickness    of 
the  plank. 

Plank  weir  leaning  upwards 
one-third    to    one,    the 
rounded     and    projecting    in 
front  beyond  the  plank, 
to  be  thicker  than  it. 

Water  free 

Water  in 

Water  in 

Water  in 

from  curve  of 

contact  with 

contact  with 

contact  with 

crest  '18  foot 

curve  of  crest 

curve  of  crest 

curve  of  crest 

thick. 

•17  foot  thick. 

•:!  foot  thick. 

•:;:;  foot  thick. 

•16 

•589 

•651 

•20 

•589 

•tn'2 

•23 

•594 

•697 

•26 

•(512 

•697 

•30 

•633 

•721 

•870 

•33 

•642 

•747 

•604 

•686 

•36 

•649 

•766 

•625 

700 

•39 

•655 

•768 

•648 

•714 

•48 

•r.r.i 

•7v:. 

•669 

727 

•46 

•667 

•802 

•741 

•49 

•675 

•70-2 

•75:5 

•53 

•679 

•715 

•7<>~> 

•56 

•685 

•729 

•775 

•59 

... 

•741 

•786 

•63 

•753 

•795 

•66 

•76-2 

•802 

•69 

... 

•808 

•72 

•813 

below  was  joined  to  the  head-water  at  passing  over,  and 
when  there  was  no  air  between  : — 


Height  of  weir  over  the  bottom  of )  .f 
the  channel  below    .        .        .     .  f 

Heads  passing  over  the  weir  in  each  1 

.  when  absorbed  at  the  cre.st  >••_:! 
into  the  back-water  .\ 


feet    feet    feet    feet    feet    feet    feet 


•83     I'OO    1-10    1-32    1-48    1'65    2'i 


•38      -45       -51       -50      -G6 
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•which  shows  that  the  head  was  drowned  (noyce)  when 
the  depth  of  the  lower  channel  below  the  crest  of  the 
weir  was  less  than  2£  times  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefficient  of  discharge,  cd,  for 
notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  formula  for  the  discharge  from  a  notch  or 

o  . 

Aveir  is  D  =  —  I  h  V  2  g  h.    Now  they  assume   a    coeffi- 

3 


•cient  due  to  an  incorrect  formula  D  =  I  h  V  2  g  h, 

2 

which  reduces  cd  to  —  cd  to  give  the  same  final  results. 

3 

This  leads  also  to  an  unnecessary  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
And  orifices  sunk  to  some  depth,  which,  practically, 
have  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  328  of  his  useful  treatise  on  Water- works, 
iirst  edition,  falls  into  the  same  error,  for  the  theore- 
tical discharge  per  minute  over  a  weir  one  foot  long  is 

321  h*,  and  not  481  h*,  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  376,  he  gives  both,  with  a 
-common  factor  m,  giving  Mr.  Blackwell  as  an  authority 
for  the  former.  The  factor  m  must  be  the  coefficient 
•of  discharge  and  cannot,  in  the  same  case,  have  two 
different  values.  The  coefficients  for  a  notch  and  an 
orifice  are  substantially  the  same  if  correct  formula  for 
ihe  theoretical  discharges  le  adopted. 


86  THE  DISCHARGE  OF  WATER  Fi;<>.M 


SECTION  IV. 

VARIATIONS    IX    THE    COEFFICIEXTS    FROM    THE    POSITION 

OF    THE    ORIFICE. GENERAL    AND    PARTIAL    COXTRAC- 

TIOX. VELOCITY    OF  APPROACH. CENTRAL  AND  MEAN 

VELOCITIES. PRACTICAL      FORMULAE     FOR      THE      DIS- 

CHARGE    OVER    WEIRS   AND   NOTCHES. 

A  glance  at  TAIJLE  I.  will  show  that  the  coefficients 
increase  as  the  orifices  approach  the  surface,  to  a 
certain  depth  dependent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  with  the  ratio  of  the  length 
to  the  depth  :  some  experimenters  have  found  the 
increase  to  continue  uninterrupted  for  all  orifices  up  to 
the  surface,  but  this  seems  to  hold  only  for  depths 
taken  at  or  near  the  orifice  when  it  is  square  or  nearly 
so  :  it  has  also  been  found  that  the  coefficient  increases 
a*  the  oriiice  approaches  to  the  sides  or  bottom  of  a 
vessel  :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probably  arise  from 
the  velocity  of  approach  being  more  direct  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  u,  c,  D,  E,  F,  G,  H,  i,  and  K,  Fig.  11,  have 
coefficients  differing  more  or  less  from  each  other.  The 
coefficient  for  A  is  found  to  be  larger  than  either 
those  for  B,  c,  E,  or  D  ;  that  for  G  or  K  larger  than  th:;r 
lor  i!  or  i ;  that  for  H  larger  than  that  for  i;  and  that 
l'ir  F,  where  the  contraction  is  general,  least  of  all.. 
The  contraction  of  the  fluid  on  entering  the  orifice  F 
removed  In  m  the  bott  nu  and  sides  is  complete;  it  is. 
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termed,  therefore,  "general  contraction ;"  that  at  the 
orifices  A,  E,  G,  H,  i,  K,  and  D,  is  interfered  with  by  the 
sides ;  it  is  therefore  incomplete,  and  termed  "partial 
contraction"  The  increase  in  the  coefficients  for  the 
same-sized  orifices  at  the  same  mean  depths  may  be 


Fig.ll 


assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  from  which  the 
lateral  flow  is  shut  off;  for  example,  the  increase  for 
the  orifice  G  is  to  that  for  H  as  c  d  +  de  :  d  e;  and  in 
the  same  manner  the  increase  for  G  is  to  that  for  E  as 
c  d  +  d  e  :  c  d.  If  n  be  put  for  the  ratio  of  the  con- 
tracted portion  c  d  e  to  the  entire  perimeter,  and,  as 
before,  cd  for  the  coefficient  of  general  contraction,  then 
the  coefficient  of  partial  contraction  is  equal  to 
(35.)  c&  +  -09  n  —  <•*  +  '1  «  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
*09  n  is  derived  from  various  experiments.  If  '617  be 
taken  for  the  mean  value  of  cd,  the  expression  may  be 
changed  into  the  form  (1  +  "146  ri)  cd.  When  n  =  %, 
this  becomes  1'036  c(1 ;  when  n  =  j,  it  becomes  1'073 
c  ;  and  when  n  =  f ,  contraction  is  prevented  for 
three-fourths  of  the  perimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1'109  cd.  The  form  which 
is  given  in  equation  (35)  is,  however,  the  simplest ; 
but  the  value  of  n  must  not  exceed  f .  If  in  this  case 
cd  =r  -617,  the  coefficient  for  partial  contraction  be- 
comes -617  +  '09  X  |  =  '617  +  '067  =  '684.  Biclone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  +  '152  n)  cd  ;  and  Weisbach's  (1  +  '132  n)  cd. 

VARIATION   IN   THE    COEFFICIENTS   FROM   THE    EFFECTS 
OF   THE    VELOCITY   OF   APPROACH. 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compared 
with  the  area  of  the  orifice.  When  the  water  flows  in 
a  channel  to  the  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  found  to  be 
increased,  other  circumstances  being  the  same.  If 
the  area  of  the  vessel  or  channel  in  front  exceed  thirty 
times  that  of  the  orifice,  the  discharge  will  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel, 
corrections  due  to  the  velocity  of  approach  become 
necessary.  It  is  clear  that  this  velocity  may  arise 
from  either  a  surface  inclination  in  the  channel,  an 
increase  of  head,  or  a  small  channel  of  approach  sup- 
plied in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  I,  with  a  head  measured 
from  still  water 
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in  which  7ib  and  ftt  are  measured  to  the  surface  at  some 
<listance  back  from  the  orifice,  as  shown  in  the  section. 
The  water  here,  however,  must  move  along  the  channel 
towards  the  orifice  with  considerable  velocity.  If  A  be 
the  area  of  the  orifice,  and  c  the  area  of  the  channel, 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


Fig. 12 


-EE 

^ 
Ad 
i      -. 

;ErEE 

= 

^^ 

^ 

velocity  is  equal  to  -f05  in  which  v0  represents  the 
mean  velocity  in  the  orifice.  If  the  velocity  of  approach 
be  represented  by  va,  then 

(36.)  r»  =  |  x  v<» 

*md  consequently  the  theoretical  height  due  to  it  —  the 
same  as  when  there  is  no  contraction  at  the  vena-con- 
tracta  —  is 


-     A    v      L0     _    .A1  KK. 

-x- 


.2  ..2 


and  taking   the  head  due  to  contraction, 

&c.,  into  account 

2  V  .2  v 

I   =  *    x  -^—   =  '0155  — — 


(37.) 


in  feet  measures.*     The  height  Jig,  may  be  considered 

*  When  the  approaching  velocity  passes  through  the  orifice  without 
contraction,   it  is  evident  that  the  head  TiA  required  to  produce  that 
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as  an  increase  of  head,  converting  hb  into  hb  +  ha,  and 
7»t  into  /?t  +  fta.  The  discharge  therefore  now  be- 
comes 

(38).     D  =  |  cd  I V20  |  (7ib  +  /O1  -  (/it  +  Ws } ; 
which,  for  notches  or  weirs,  is  reduced  to 
(39.)        D  3 


as  ht  then  vanishes.   As  D  is  also  equal  to  A  X  r0,  equa- 
tion (37)  may  be  changed  into 

_  D2        1         '0155  D^ ) 

/'a  —  (,  2   X   Ofl  ~  {,2  f> 

\j  ^     '  f  ^  J 

and  taking  the  head  due  to  contraction ,. 
"' '  &c.,  into  account, 


=  D22  x     X  ?-'01255,p2') 


in  feet  measures. 

If  this  value  for  /?a  be  substituted  in  equations  (38) 
and  (39),  the  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution  ;  and  in 

velocity  in  the  orilicc,  v/v7/<  contraction   outside  at  the  vcna-contractu^ 

A-  r'n  A-         c:i 

must  be  li.  =  ,,.,    x  ,     .t  instead  of  /(,  —    ,,.,    x    ., '  '       In    like- 

.   IJ    X     Cj  —    ,7 

»! 

manner  7t.  =     n        .,       =  '04  r;  in  feet  measures  when  -i\  is  the  velo- 
cj  x  „  (/ 

city  of  approach  and  ca  —  '617. 

*  The  formula  for  the  discharge  over  weirs,  taking  into  account  the 
velocity  of  approach,  n  =  2 '95  cd- 1  V  h  +  '115  vl,  given  by  D'An- 
buisson,  "Tniitt;  Hydrauli<iue,"  seconde  edition,  pp.  78  et  95,  anil 
adopted  by  some  English  writers  and  engineers,  is  incorrect  in  principle. 
In  feet  measures  it  becomes!)  =  5 '35  cd  I  h  x  y  h  4-  '03494  vl  which 
form, — with  alterations  in  the  nuinerals  and  measures,  was  used  for 
calculating  discharges  of  sewers  during  the  METROPOLITAN  MAIN 
DUAINAUE  discussion. 
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(38)  and  (39),  as  they  stand,  7/a  involves  implicitly* 
the  value  of  D,  which  is  what  is  sought  for.  By 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  /«a  due  to  it  can  easily  be 
found,  equation  (37)  ;  this  height,  substituted  in  equa- 
tion (38)  or  (39),  will  give  a  closer  value  of  D,  from 
which  again  a  more  correct  value  of  //a  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
i>  and  //a  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  found  at  the  second  operation  will 
be  sufficiently  correct  for  all  practical  purposes. 

It  has  been  alread}'  observed  that,  for  orifices,  it  is. 
advisable  to  find  the  discharge  from  a  formula  in 
which  only  one  head,  that  at  the  centre,  is  made 
use  of;  and  though  TABLE  IV.,  as  shall  be  shown, 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation 
(38)  to  a  form  in  Avhich  only  the  head  (Ji)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (31),  and  this 
is  more  than  balanced  by  the  observed  increase  in  the 
coefficients  for  smaller  heads. 

The  formula  for  the  discharge  from  an  orifice,  h, 
being  the  head  at  the  centre,  is 

D  =  ca  V  2  g  h  x  A  ; 

and  when  the  additional  head  h&,  due  to  the  velocity  of 
approach,  is  considered, 

»  =  Q  \/2</(/i-f-/?a)  X  A, 
which  may  be  changed  into 

(41.)*  D 


*  See  equation  (41  A),  Section  VII.  infra. 
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Aquation  (39),  for  notches,  may  be  also  changed  to  the 
form 


this  is  similar  in  every  way  to  the  equation 
(43.)    B  = 


for   the    discharge    from   a   rectangular    orifice  whose 

depth   is   d,   with   the   head    //t,  at    the    upper   edge. 

r          /,    -j  i 
TABLE  III.  contains  the  values  of  -!    1+    a   >*  in 

I          fc    J 

equation  (41),  and  TABLE  IV.  the  values  of 

(  1+  ^  ¥  —  f—  V  in  equation   (42),.  or  the   similar 
V         //b  /        Wib  / 

expression  in  (43),      'a  or—  being  put  equal  to?i;  and 
hb       d 

it  may  he  perceived  that  the  effect  of  the  velocity  of 
approach  is  such  as  to  increase  the  coefficient  from  cd 

(  1i     )  * 

t<>  r\t  -j    1  +—  _      2  for  orifices  simk  some  distance  be- 

low the  surface,  in  which  h  is  the  depth  of  the  centre  of 
the  orifice  ;  and  into 


h>r  weirs  when  7/a  is  the  height  due  to  the  velocity  of 
approach,  and  hb  the  head  011  the  weir.  A  few  ex- 
uuiples,  showing  the  application  of  the  formuhe  (41), 
(42),  and  (43),  and  the  application  of  TABLES  I.,  II., 
III.,  and  IV.  to  them,  will  be  of  use.  Suppose, 
I'-r  the  present,  the  velocity  of  approach  ra  to  be 
n,  and  no  extra  head  required  to  maintain  it 
through  the  orifice  :  in  other  words,  when 
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2 

7<a  =  —  --  a     —0  =  "017  vl  in  feet  measures  nearly. 

EXAMPLE  I.  A  rectangular  orifice,  12  inches  wide 
ly  4  indies  deep,  has  its  centre  placed  4  feet  below 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second  ;  what  is  the  dis- 
charge ? 

For  an  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  from 
TABLE  I. 


As  the  coefficient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  "956,  find  from  column 
No.  3,  TABLE  II.,  the  height  h&=l%  =  1'125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tion (41), 


now  becomes 

D=12x4<v/2#7t  X'621 
•  Also  find  V^gh  =192'6 inches,  when  71=48  inches, 
in  TABLE  II. ;  therefore 

D=12  x  4  x  192-6  x  -621  j  1  +1-11f  |  * 

=9244-8  x  -621  {1  +  -0234}*  =  9244'8  x  '621  x  1-0116, 
(as  {1-0234}*= 1-0116  from  TABLE  IIL)=9244-8  x  '628 
nearly  =  5805'7  cubic  inches  =  3'36  cubic  feet  per 
second.  Or  thus :  The  value  of  '621  X  (1-0284) 
being  found  equal  '628,  D=A  X  '628\/ 2  g  x  48.  Now 
for  the  coefficient  '628,  and  7«=48  inches,  TABLE  II. 
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gives  us  '628  V2  g  X  48  =  120*96  inches  ;  hence  D  = 
12  x  4  x  120-96  =  5806-08  cubic  inches  =  3'36  cubic 
feet,  the  same  as  before,  the  difference  of  '38  in  the 
•cubic  inches  being  of  no  practical  value. 

r" 
If  />a  be  found  from  the  formula  h&=  ,  then  is 

20eS 

7/a=2"6  inches,  and  the  discharge  becomes  D=r3'40 
•cubic  feet  nearly. 

If  the  centre  of  the  orifice  were  within  1  foot  of  the 
surface,  the  effect  of  the  velocity  of  approach  would  be 
much  greater  ;  for  then 

TABLE  L    'G23 


I    l  +-S?      "  =  (from  TABLE  IIL)  *623  x  1*047= 
-652  instead  of  '628.     In  this  case  the  discharge  is  D  = 
12x4x  -652  V  2  ,,  x  12  =  12  x  4  x  '652x96'3  (from 
TABLE  II.)  =  12  X  4  x  62'8  =  3014'4  cubic  inches  = 
1'744  cubic  feet  per  second.     Or  find  the  value  of  '652 
V  2  y  h  directly  from  TABLE  II.  thus  : 
The  value  of  '628  V  2  g  x  1  2  =  60'48     '628 
The  value  of  '666  \/2  <y  x  12  =  64'14     '652 


38  66  :  :24  :  2-31. 


Hence  '652  2/i  =  60'48  +  2-31  =  62'79,  and  the 
discharge  =  12  x  4  x  62'79  X  3013'92  cubic  inches  = 
1*744  cubic  feet  per  second,  the  same  as  before. 


If  7/a  be  taken  equal  to  _ V  =  2'6  inches,  then  the 

resulting  value  of  D  =  1'833  cubic  feet  nearly. 

EXAMPLE  II.     A  rectangular  notch,  7  feet  long,  has 
a  head  of  8  indies  measured  at  about  4  feet  above  the 
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crest,  and  the  ivater  approaches  the  over-fall  with  a 
velocity  of  16£  inches  per  second;  lohat  is  the  dis- 
charge ? 

For  a  still  head  assume  cd  =  *628  in  this  case,  and 
then  from  equation  (42) 


As  in  the  last  example,  find  from  TABLE  II.  (fta)  the 
height  due  to  the  velocity  of  approach  (16^-  inches)  to 

3 

be  -  =  3'375  inch,  assuming  the  coefficient  of  velocity 
to  be  '956.  Therefore,  h&  =  *375,  hb  =  8,  cd  =  *628, 
and  A  —  7  X  12  X  8  ;  or  for  measures  in  feet  7-* 

2  2 

=  *047,  hb  =  -,  and  A  =  7  x  - ;  hence 

3  3 


D=|  x  7  x  \J  2  g  x  1  x  -628 1  (1-047)*  -  (*047)«  ]  . 
The  value  of    (1-047)^  -   ('047)^  will  be  found  from 


TABLE  IV.  equal  to  1*0612 ;  the  value  of 

will  be  found  from  TABLE  II.  equal  to  6*552,  viz.  by 
dividing  the  velocity  78*630,  to  be  found  opposite  8 
inches,  by  12  ;  hence 

D  =  4  x  7  x  -  x  6*552  x  *628  x  1*0612 

3  3 

=  |  x  7  x  4*368  x  *628  x  1*0612 

3 

=  |  x  7  X  4*368  x  *666  nearly. 
=  |  x  7  x  2*909  =  7  x  1*939 

3 

=  13'573  cubic  feet  per  second  =  814*38  cubic  feet 
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per  minute.  Or  thus :  From  TABLE  VI.,  when  tli" 
coefficient  is  '628,  the  discharge  from  a  weir  1  foot 
long,  with  a  head  of  8  inches,  is  found  to  be  109'731 
cubic  feet  per  minute.  The  discharge  for  a  weir  7  feet 

long,  when   -^  =  '047  is   therefore    109*731  x  7  X 

ill 

1*0612  =  815*12  cubic  feet  per  minute.    The  diiferen* 
between  this  value  and  that  before  found,  814*38  cubit- 
feet  is  immaterial,  and  has  arisen  from  not  continuing 
all  the  products  to  a  sufficient  number  of  places  of 
decimals. 

t-2 
If  /ia  =  n~~^~z  =  '87  inch,  then  D  =  14*5  cubic  feet 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (36)  and  (37),  the  relations  between  tlio 
channel,  orifice,  velocity  of  approach,  and  velocity  in 
the  orifice,  are  pointed  out,  viz., 

A  A2  r2  ™2 

r.  =  A  x  vot  and  7/B  =  1  x    >  =     D  0  , 
c  c        2  g      2  g  c , 

in  which  //a  =  •  ' 

(neglecting,  for  the  present,  the  coefficient  of  velocity 
in  passing  through  the  orifice).  As  v0  is  the  actual 

velocity  in  the  orifice,  -°-  must  be  the  theoretical  velocity 

due  to  the  head  h  +  !>„  and  therefore 

r  ,.2  »2 

~  c\x*g 
hence 


A«=_ 
; 

«          r; 


t'a  X  Cj 


..  ..          .1    5 

_  I         *o    -~  fcd  ^a         C       -   C(l  A 
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And  therefore 

(A  A   \  Jig.   —   ^A__—     ^1 

V          '/  ~T~        ~      n  n        a      ~  a 

h       c2  —  ca  A.        wr  —  (?d 

substituting  this  value  in  equations  (41)  and  (42),  there 
results 


xi 
in  which  ra  =:  -  ,  for  the  discharge  from  an  orifice  at 

A 

some  depth ;  and  for  the  discharge  from  a  weir, 


i 


m  — 

The  last  two  equations  give  the  discharge  when  the 

/i 

ratio  of  the  channel  to  the  orifice  -  =  m  is  known,  when 

A 

#a  =  — - ,  and  when  at  the  same  time  the  whole  quantity 

of  water  passing  through  the  orifice,  that  due  to  the 
velocity  of  approach  as  well  as  that  due  to  the  pres- 
sure, is  supposed  to  suffer  a  contraction  ivhose  coefficient 
is  cd. 

ti2 
When  /L  = a — „- ,  that  is  when  the  velocity  of 

9  n    V     />2 
*  9    X    Cd 

approach,  VA,  passes  through  the  orifice  without  con- 
traction, we  shall  get 

T&  A  1       . 

vl  —  ti  ~  c2  —  A2   ~  m2  —1 


, 

(44*.)  = 
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consequently,  in  this  case,  equation  (45)  becomes 
(45a.)  D  =  A  \/  ^  n  k   x  cd  x 


f      m2        )  \ 
J  J-  *  • 

1  m*  -  1   J 

and  equation  (46)  in  like  manner  changes  into 

n  ^       / 

•(46a.)  D  —  —  A  V  2  a  /ib  x  cd  x     1   ( 1  +  — ^ 

t    i    >i  I 

U2  -  i  /    J ' 

'The  last  multipliers  of  these  two  equations, 


—  I/  V        m2  —  I/        Vm1  —  I 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
cd,  \\ithin  the  brackets  —  1  ;  consequently  tlieir  values 
are  at  once  found  from  the  coefficient  unity,  1,  in  the 
last  page  of  TABLE  V.,  for  the  respective  values  of 

1 


C  7 

m  =  -:  and  also  for  those  of  —  = 
A  hb 


—  1 


"When 


cd  =  1,  equations  (45)  and  (45a)  may  be  changed  into 
the  particular  case 

2'ff/i      U  , 

TM2    =»A(^  i* 
V  m  /  f  I  in-  -I) 

which  is  the  equation  of  DANIEL  BERNOULLI. 

When  A  —  c,  or  the  orifice  is  equal  to  the  channel, 

then  —„ becomes  infinite,  and  hence  h  must  be  zero. 

m2  —  1 

Indeed,  this  assumption  cannot  be  made  consistently, 
for  any  given  depth  of  water ;  and  the  ratio  m  can  never 
become  so  small  as  unity.  A  full  discussion  of  the 
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theoretical  question  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
TABLE  V.  give  the  multipliers  of  c  in  equations  (45o) 

and  (46a)  to  find  the  coefficients  suited  to  —  =  m,  which 
in  practice  should  seldom  or  never  be  less  than  2. 

If  n  =  —  cl—  the  values  of  j  1  +   -^  —  -  \  ^ 
m2  —  Cd  I  m2  —  cd  ) 

x,2  •}    3  f  2  ^3 

and   of  \l  +  .  —A-   k   respec- 

I  m2  —  Cd  )  (  m*  —  cd  ) 

tively,  can  be  easil}-  had  from  TABLES  III.  and  IV. 
TABLE  V.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 


m   —  c     3  m    — 


as  new  coefficients,  and  the  corresponding  value  of 

h&       -,  h& c| 

h  hb      m2  —  4 

in  equations  (44)  and  (46). 

It  is  equally  applicable,  therefore,  to  equations  (41) 
and  (42)  as  to  equations  (45)  and  (46).  For  instance, 

here  at  once  is  found  the  value  of  *628  X  {  (1'047)2  — 
('047)*}  in  EXAMPLE  II.,  p.  95,  equal  to  *666,  as  —  = 

*047,  and  the  next  value  to  it  for  the  coefficient  '628, 
in  the  table,  is  '046,  opposite  to  which  is  found  '666, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

H  2 
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column,  must  be  about  three  times  that  of  the  weir  or 
notch.  •• 

1  A2 


When         = 
hb 

AMPLE  II.  ^i  = 


ra 


_ 

2  —  1 

11  and 


then 


in 


Ex- 


c~  —  A- 


(l  +  25  ¥  -  ( —  \  =  1'133, 

\  fcb/  VW 


TABLE  IV.  (or  TABLE  V.  for  the  coefficient  1).  Hence 
in  this  case  '628  X  1'133  =  '712  the  new  coefficient 
suited  to  the  velocity  of  approach.  Here  of  course  h&  = 

*c~ 
0*2    (see  Note,  p.  89). 

—  0  C(j 

TABLE  V.  is  calculated  from  coefficients  cd,  in  still 
water,  which  vary  from  '550  to  1.  Those  from  '606 
to  '650,  and  the  mean  value  '628  are  most  suited  for 
Application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
'628,  we  find,  accordingly,  from  the  table,  the  new 
coefficient  1'002  for  weirs  ;  or  1  very  nearly  as  it 
should  be.  It  is  also  found  in  the  same  case, 

viz.,  when  A  =  c,  and 
cd  —  *628,  that  for  short 
tubes,  Fig.  13,  the  resulting 
new  coefficient  becomes  '807. 
This,  as  will  afterwards  be 
seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  still  water  are  less  than  '628,  or  more  correctly 
'62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
nuch  as  from  friction  in  tubes  longer  than  one  and  a 
half  or  two  diameters,  or  in  wide-crested  weirs.  For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  ^essel  must  be  rounded, 
Fig.  14,  on  one  or  more 
sides ;  and  in  weirs  or 
notches  the  approaches 
must  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall  be 
sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore v&  is  greater  than  —  X  v0  when  c  is  measured  be- 
tween r  o  and  R  o,  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  TABLE  V.  are  best  suited  for 
orifices  at  the  end  of  short  cylindrical  or  prismatic 
tubes  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
off  as  at  R  o  r  o,  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 


The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 
the  short  tube  Fig.  13  as  1  to  cd  \  ^~z  \ 2  nearly,  or 

I  *         t-d  ) 

for  the  mean  value  cd  —  *628,  as  1  to  '807.     Now,  as 

c  v 

-  is   assumed  equal  to  -'    in  the  cylindrical  or  pris- 

A  Va 

matic  tube,  Fig.  13,  -  -  in  the  tube  Fig.  14 


with  the  rounded  junction,  for  va  becomes  .= ;  hence, 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 
tiply the  numbers  representing  the  ratio  -  in  the  first 
column,  TABLE  V.,  by  "807,  or  more  generally  by  Q 

f_I     V1 


~,  and  find  the  coefficient  opposite  to  the 
product.      Thus  if  cd  =  '628,  then,  when  -  —  1,  cax 


— g  I  2  —  -807  in  the  table.      If,  again,  -     =    3, 
(.  J-  —  Ca  )  A 

then  3  x  '807,  =  2'421,  the  value  of  —  for  the  tube 

^'a 
p 

Fig.  14,  and  opposite  this  value  of  — ,  taken  in  column 
1,  there  is  found  '651  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube,  Fig.  13,  the  new  coeffi- 
cient would  be  onl}r  '642.  When  the  head  //a  is  how- 
ever equal  to  „ — a-  2  the  results  must  be  modified 

accordingly  (see  Note,  p.  89).*  When  h  is  measured 
iVoHi  still  water  in  a  cistern,  Figs.  13  and  14,  and  ra 
the  velocitjr  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  It  —  7*a  for 
the  head,  li. 

*  Professor  Eankiue  gives  the  value  of  the  coefficient  of  discharge, 
or  contraction,  for  varying  values  of  A  ami  c  at  a  diaphragm  in  a  pipe 
by  the  empirical  formula 

•618 


—  •618  x 


A  \ 

"When  —  =  0,  cd  =  '618  :  and  when-  =  1,  cd  =    1  ;  as  it  should  be 
o  c 

vi-ry  iK-urly  for  an  orifice  in  n  thin   ]'l:itc.    to  which  only,  and  to  an 
Mi-ilicc.  A  at  the  end  of  a  short  tube,  Fig.  14,  the  formula  is  suited  (MV 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  MEAN   VELOCITIES 
IN   A   SHORT   TUBE    AND    CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration,  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  orifice,  is  also  the  maximum 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  '835  nearly  ;  hence, 

£J 

in  the  example,  p.  102,  where  -  —  3,  we  get  3  x  '835 

Q 

=  2*505  for  the  value  of  —  in  column  1,  TABLE  V., 

A 

opposite  to  which  is  found  *649,  the  coefficient  for  an 
orifice  of  one-third  of  the  section  of  the  tube  when 
cylindrical  or  prismatic,  Fig.  13  ;  and  3  x  *835  x 
•807  =  2'02  nearly,  opposite  to  which'  we  shall  get 
"661  for  the  coefficient  when  the  orifice  is  at  the  end 
of  the  short  tube,  Fig.  14,  with  a  rounded  junction. 

Therefore,  -    x    '835  equal  to    the  new  value  of  - 

A  A 

for  finding  the   discharge   from   orifices   at   the   end 

Q 

of    cylindrical   or    prismatic   tubes,    and  —    x    '835 

o 
x    '807   =  -    x    '67   nearly  for  the   new   value   of 

£i 

-  when  finding  the   discharge   from   orifices   at   the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  '835  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 
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Fig  15 


the  tube,  and  the  other  when  they  are  equal.      If  the 

curve  D  c,  whose  abscissae  (A  6)  represent  the  ratio  of 

the  orifice  to  the 
section  of  the  tube, 
and  whose  ordi- 
nates  (b  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 

supposed  to  be  a  parabola,  then  the  following  values 

are  found : — 


Ratio  of  the  orifice 

Ratio  of  the  mean 

to  the  channel,  or 
values  of 

Values  of 

velocity  of  approach 
in  a  tube  or  channel 

A           A  6 

C    ~~    AB 

dc 

to  that  directly  op- 
posite the  orifice, 
or  values  of  b  c. 

•o 

•165 

•835 

•1 

•163 

•837 

•2 

•158 

•842 

•3 

•150 

•850 

•4 

•139 

•861 

•5 

•124 

•876 

•6 

•106 

•894 

•7 

•084 

•916 

•8 

•059 

•941 

•9 

•031 

•969 

1-0 

•000 

1-000 

These  values  of  &  c  are  to  be  multiplied  by  the  cor- 
responding ratio  —  in  order  to  find  a  new  value, 

A 

opposite  to  which  will  be  found,  in  the  table,  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  new  value  ;igain  mill- 
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tiplied  by  *807,  or  more  generally  by  cd 


I,  will 

in  the 
at  the 


117-945- 

x  ~~ 


give  another  new  value  of  -,  opposite  to  which, 

-A. 

table,  will  be  found  the  coefficient  for  orifices 
ends  of  short  tubes  with  rounded  junction. 

EXAMPLE  III. — 
What  shall  be  the 
discharge  from  an 
orifice  A,  Fig.  16, 
2/<?e£  long  by  \foot 
deep,  iL-hen  the  value 


of  —  is  3,  and  the 

depth  of  the  centre 
of  A  1  foot  6  inches 
below  the  surface  ? 

The   theoretical  discharge  is   D  =  2   x  1 

o 

(TABLE  II.)  :  =  2  X  9'829  =  19'658  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  "86  ; 
hence  ^  x  '86  =  3  x  -86  =  2'58.  If  the  coefficient 

be  taken  from  TABLE  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  depth) 
to  be  '617 ;  and,  for  this  coefficient,  opposite  to  2'58, 
in  TABLE  V.,  or  the  next  number  to  it,  the  required 
coefficient  '636  is  found ;  hence  the  discharge  is  "636 
x  19-658  =  12-502  cubic  feet  per  second.  If  the 
coefficient  in  still  water  be  taken  at  '628,  then  we  shall 
obtain  the  new  coefficient  '647,  and  the  discharge 
*  See  pp.  97  and  98,  with  reference  to  the  modifications  of  equations- 

(45)  and  (46)  into  (45«)  and  (46«)  suited  to  A.  =  -^-; 

2  (j  Q 
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would  be  '647  x  19'658  =  12'719  cubic  feet.  If  the 
junction  of  the  tube  with  the  cistern  be  rounded,  as 
shown  by  the  dotted  lines,  then  multiply  2'58  by  '807, 

/-i 

which  gives    2'08  for  the   new  value  of  -,  opposite 

which,  in  TABLE  V.,  when  the  first  coefficient  is  '628, 
the  new  coefficient  '659  is  found ;  and  the  discharge  in 
this  case  would  be  *659  x  19'658  =  12'955  cubic  feet 
per  second. 

It  is  not  necessary 
to  take  out  the  coeffi- 
cient of  mean  velocity 
facing  the  orifice  to 
more  than  two  places 
of  decimals.  For 
gauge  notches  in  thin 
plates  placed  in 
streams  and  millraces,  Fig.  17,  the  mean  coefficient 
'628,  for  still  water,  may  be  assumed  ;  thence  the  new 
coefficient  suited  to  the  ratio  -  may  be  found,  as  in 
the  first  portion  of  EXAMPLE  III. 

t; 

When  Aa  is  taken  equal  to  x    a  2  then  from  TABLE V. 

with  a  coefficient  of  1,  and  2'58  for  the  ratio  of  the 

channel  to  the  orifice,  the  value  of  -!    1  +  - 

(.  m~  —  1  3 

in  equation  (45a)  is  1'085.  Hence  the  discharge  is 
19-658  x  -617  x  1-085  =  19*658  x  -6694  ==  13*16 
cubic  feet  per  minute  in  this  case. 

EXAMPLE  IV.  What  shall  be  the  discharge  through 
ihe  aperture  A,  equal  2  feet  by  I  foot,  irJien  the  channel 
is  to  the  orifice  as  3'375  to  1,  and  the  depth  of  the 
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centre  is  1*25  foot  below  the  surface,  taken  at  about  3 
feet  above  the  orifice  ? 

Here  the  coefficient  of  the  approaching  velocity  is 

c 
"85  nearly,  whence  the  new  value  of  -  is  3*375  x  '85 

=  2*87  ;  and  as  cd  —  '628,  from  TABLE  V.  the  new 
coefficient  is  '644.  Hence 

D-  2  x  1  x  ^  x  -644  (TABLE  !!.)=  2  x  8*972  x  -644 

=  17*944  x  '644  =  11*556  cubic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empirical  formula, 
to  be  11*31  cubic  feet.  If  the  coefficient  be  sought  in 
TABLE  I.,  it  is  *617  nearly,  from  which,  in  TABLE  V., 
the  new  coefficient  is  found  to  be  *632 :  hence  17*944 
x  *632  =  11*341  cubic  feet  per  second.  If  the  co- 
efficient *6225  were  used,  the  new  coefficient  equals 
*638,  and  the  discharge  11*468  cubic  feet.  Or  thus : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

a 

of  the  orifice  is  -  —  *75,  and  from  TABLE  IV.  we  find 

12 

(1*75)^  —  (*75)"  =  1'6655.  Assuming  the  coefficient 
to  be  *644,  find  from  TABLE  VI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

which  is  —  -  =  206*884  cubic  feet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  - 

=  11*482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  *644,  and  less 
than  the  approximate  result,  11*556  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surface  inclination  of  the  stream. 

v2 
"When  ha  =  •     a    ,  then  with  a  coefficient  1  and  2 '87 
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ri 

for  the  value  of  -  the  last  page  of  TABLE  Y.  gives  1'067, 
by  interpolation,  for  the  value  of  -j  1  -\ ^ -,  \ 

in  equation  (4.5a)  see  pp.  112  and  113.  Hence  the 
discharge  is  17'944  x  '628  x  T067  =  17'944  x 
•670  =  12*02  cubic  feet  per  second. 

FOR  NOTCHES,  or  PONCELET  WEIRS,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  "914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  "914;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
"914  to  1,  and  varies  up  to  1  to  1 ;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  very 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained  : — 


Ratio  of  the  width 
of  the  notch  to 
the  width  of 
the  channel. 

Values  of 
de, 
Fig.  15. 

Values  of 
be, 
Fig.  l.V 

•o 

•086 

•914 

•1 

•085 

•2 

•083 

•917 

•3 

•078 

•922 

•4 

•072 

•5 

•064 

•936 

•6 

•055 

•946 

•7 

•044 

•8 

•031 

•9 

•016 

•984 

1-0 

•000 

1-000 
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These  values  of  b  c  are  to  be  used  as  before,  in 

£» 

order  to  find  the  value  of  -,  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

EXAMPLE  V.  The  length  of  a  weir  is  10  feet ;  the 
ividth  of  the  approaching  channel  is  QOfeet;  the  head, 
measured  about  6  feet  above  the  weir,  is  9  inches ; 
and  the  depth  of  the  channel  3  feet:  what  is  the 
discharge  ? 

Assuming  the  circumstances  of  the  overfall  to  be 
such  that  the  coefficient  of  discharge  for  heads, 
measured  from  still  water  in  a  deep  weir  basin  or 
reservoir,  is  '617,  then  from  TABLE  VI.  the  discharge 
is  128*642  x  10  =  1286'42  cubic  feet  per  minute ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

C1  20  ic     3 

the  weir  with  some  velocity,  and  -  =  -  — 3  =r  8.   Also 

A  1U  *    * 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  '936 

Q 

=  7 '488  for  the  new  value  of  -.     From  TABLE  V.  is 

A 

•622  4.  '624 

now  found  the  new  coefficient =  '623,  and  hence 

1286-42  x  '623 

the  discharge  is  — ^—     =    1298'93    cubic  feet   per 

minute.  Or  thus:  As  the  theoretical  discharge, 
TABLE  VI.,  is  2084'96  cubic  feet,  then  2084-96  x 
•623  =  1298'93,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  overfall 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  '936,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  -  —  1  is  small.     It   is   therefore  more 
c 

correct  to  find  the  multiplier  from  the  small  table, 
p.  104.  By  doing  so  the  new  value  of  -  is  8  x  '838 

=  6*704.  From  this  and  the  coefficient  "617  we 
shall  find,  as  before  from  TABLE  V.,  the  new  coeffi- 
cient to  be  '627  ;  hence  2084-96  x  '627  =  1307-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velochty  of  approach  is  subject  to  contraction  before 
arriving  at  the  overfall,  or  in  passing  through  it ;  now, 
as  this  reduces  the  mean  velocity  of  approach  from  1 
to  *784,  TABLE  V.,  when  the  coefficient  for  heads  in 
still  water  is  "617,  it  is  necessary  to  multiply  the  value 

of  ^  =  6-704,  last  found,  by  -784,  and  then  6'704  x 

/i 

•784  =  5*26  is  the  value  -  due  to  this  correction,  from 

which  the  corresponding  coefficient  in  TABLE  V.  is 
found  to  be  '629,  and  hence  the  corrected  discharge  is 
2084-96  x  -629  =  1311-44  cubic  feet. 

By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (l  +  ^  J -(„,,!_  J  ««  j  =  m  = 

7*488  is,  from  the  last  columns  of  TABLE  V.  for  a  co- 
efficient unity,  1'025.  Hence  the  discharge  is  2084*96 
x  -617  x  1-025  =  2085  x  '632  =  1318  cubic  feet 

£1 

I»T  minute  in  round  numbers.     If  -  were  taken  equal 

to  6*704,  then  equation  (4Gu)  would  become  2085  x 
•iil7  x  1-031  =  2085  x  '030  =  1326  cubic  feet  nearly. 

It  /'.s  in  li<  borne  In  mind  that  tJtc  i~aluc  of  the   ratio 

y~i 

in  TAT.I.K  V.  i'.s  simply  nn  approximate  value 

A. 


ORIFICES,    WEIRS,    PIPES,   AND  RIVERS. 


Ill 


ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
the  velocity  in  the  orifice  itself,  and  that  large  differences 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materially.  The  corrections  applied  in  the  foregoing 
examples  were  for  the  purpose  of  finding  this  ratio  of 

velocity  more  correctly  than  the  simple  expression  — 

gives  it.  The  ratio  of  /ia  to  h^  also  may  sometimes 
vary  very  considerably  without  materially  affecting  the 
value  of  cd;  for.  instance,  if  cd  =  '628  for  still  water, 

h  c 

the  change  of  ~  from  0  to  *046,  and  of  —  from  infinity 
ii  A 

to  3  causes  a  variation  of,  only,  from  "628  to  '642  for 
orifices,  and  to  '666  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.  The  following  auxiliary  table 

AUXILIARY  TABLE,  TO  BE  USED  WITH  TABLE  V.  FOR  MORE  NEARLY 
FINDING  THE  COEFFICIENT  OF  DISCHARGE  NEARLY  SUITED  TO 
EQUATIONS  (45«)  AND  (46a). 


•0 

• 

'C     ° 

"*^  -^  C5 
S"*"  d  >> 

Multipliers  for  finding  the  new  values  of  -  in  Table  V.  , 

o  -a 

O        ff 

3   g 

ill! 

when  the  water  approaches  and  passes  through  the  orifice, 
without  contraction  or  loss  of  velocity. 

"o    •§ 

O       0 

•tsjj 

Coeffi- 

Coeffi- 

Coeffi- 

Coeffi- 

Coeffi- 

Coeffi- 

Coeffi- 

? 5 

3*  §  >» 

cient 

cient 

cient 

cient 

cient 

cient 

cient 

«  5 

sa« 

•639 

•628 

•617 

•606 

•595 

•584 

•573 

•o 

•835 

•69 

•67 

•65 

•64 

•62 

•60 

•58 

•1 

•837 

•70 

•68 

•66 

•64 

•62 

•60 

•59 

•2 

•842 

•70 

•68 

•66 

•64 

•62 

•61 

•59 

•3 

•850 

•71 

•69 

•67 

•65 

•63 

•61 

•59 

•4 

•861 

•72 

•69 

•68 

•66 

•64 

•62 

•60 

•5 

•876 

•73 

•71 

•69 

•67 

•65 

•63 

•61 

•6 

•894 

•74 

•72 

•70 

•68 

•66 

•64 

•62 

•7 

•916 

•76 

•74 

•72 

•70 

•68 

•66 

•64 

•8 

•941 

•78 

•76 

•74 

•72 

•70 

•68 

•66 

•9 

•969 

•81 

•78 

•76 

•74 

•72 

•70 

•68 

I'O 

1-000 

•831 

•807 

•784 

•762 

•740 

•719 

•699 
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finds  the  correction,  and  thence  the  new  coefficient, 
with  facility.  Thus,  if  the  channel  be  five  times  the 
si/.e  of  the  orifice,  and  a  loss  in  the  approaching  velocity 
takes  place  equal  to  that  in  a  short  cylindrical  tube, 

p 

then  5  X  '842  =  4'210  is  the  new  value  of  -,  opposite 
to  which,  in  TABLE  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '606,  it  is 
found  to  be  *612  for  orifices  and  '623  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 
from  the  auxiliary  table,  "64  is  found  for  the  multiplier 

Q 

instead  of  '842,  and  consequently  the  new  value  of  - 
becomes  5  X  *64  =  3'2,  from  which  "617  is  found  to 
be  the  new  coefficient  for  orifices  and  '636  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

v>.  104)  by  the  value  of  c    X   \ »  >   ,  which  will  be 

1 1  -  4  3 

found  from  TABLE  V.,  for  the  different  values  of  cd  in 

the  table,  viz. 

•639,  -628,  -617,  '606,  '595,  '584,  and  '573, 
•831,  '807,  '784,  '762,  '740,  '719,  and  '699, 

to  be  respectively,  as  given  in  the  top  and  bottom  Hues 

of  figures. 

2 

When          d — 5  in  equations  (45)  and  (46)  is  equal  to 
m~  —  c<f 

•- 2 =-  in  equations  (45a)  and  (46a),  then  must  cd  =  1, 

HI"  —  •!• 

C  CA  ")    I 

:nid  cd   !  1  +  —s-^ — -„  r    in     equation    (45)     becomes 
(          m-  —  cl  ) 
f  -i       -i  i 

•equal  to    ]  1  +  — = >      in    equation    (45a)  ;     and 

m"  —  1  ) 
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Uo  »  5  -  o  v  3  "\ 

1  +  — 0— - — 2J2~  l~T~^ — 2/2  [in equation (46) also 
i/t"         ^'d'  \//t'rf  —~"  C^f     j 

Ul        \l        /        1        \i 
1   +         )2—  (_- -_)2 
w3  —  I/       \ma  —  I/ 


equation  (46a)  ;  and  therefore  the  coefficient  found  from 
the  last  three  columns  of  TABLE  V.  for  cd  =  1  will  give 
the  multiplier  for  cd,  outside  the  brackets,  in  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  in  the  last 
example  m  =  5,  and  hence  TABLE  V.  for  cd  —  1,  is 


given  j  1  +  -  p  =  1-021  and  j  (l  +  _  J—  -V 

w2  —  1  j  (V        w2  —  I/ 

-  f-JUrV  1  = 

\m2  —  V) 


1-055.    Hence  1-021  x  -606  =  '619 

nearly;  and  1'055  X  "606  =  "639  nearly,  the  new  co- 
efficients found  from  the  other  method  being  '617  and 
'636,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (45), 
(46),  (45a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,  Ji&,  must  be  extra  to  the  head,  h,  in 
the  formula  ind  no  part  of  it  :  and  that  —  as  is  indicated 
by  the  equations  —  m  can  never  be  so  small  as  unity,  for 

then  —  s  -  -  would  be  infinite.     These  equations  are, 
m"  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes,  Fig.  15  and  Fig.  16,  when  the  head  liA  due 
to  the  velocity  of  approach  is  included  in  the  head  h 
measured  from  still  water  in  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  cd  it- 
self, varies  considerably  with  the  position  and  form  of 
the  orifice  ;  for  a  mean  value  of  '707  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  A  into 
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•707 


T ;    and  for  a  value  of  '618  for  an  orifice, 


central  in  a  thin  plate,  Professor  Rankine's  empirical 
formula,  note  p.  102,  is  in  practice  applicable. 


PRACTICAL   FORMULA   FOR   THE  DISCHARGE    OVER  WEIRS. 

In  order  to  reduce  the  preceding  formulae  for  web's 
and  notches  to  some  of  the  forms  in  common  use,  with 
definite  combined  numerical  coefficients,  by  substituting 
8*025  for  V  2  g,  equation  (39),  becomes  for  feet 

2 
measures,  as   ^    x  8'025  =  5'35, 

(A.)     Da  =  5*35  cd  I  {(/*„  +  /O1  -  /<'}. 
For  inch  measures,  as  V  2  g  =  27*8,  the  discharge, 
taken  also  in  cubic  feet,  becomes 

(B.)     D   =  -01072  cd  I  {(hb  -  hrf  -  h*\. 
When  the  length  I  is  taken  in  feet  and  the  depth  in 
inches,  it  is 

(C.)    D    :=  -1287  cd  I  {(hb  -  h$  -  h}}- 

The  last  three  equations  being  for  seconds  of  time, 
when  the  time  is  taken  at  one  minute,  for  all  measures 
in  feet  the  discharge  in  cubic  feet  is 

(D.)     D   ==  321  cd  I  {(/•>  +  /i.)1  -  /J}. 
This  when  cd  is  taken  at  '614  becomes 

(Dj.)     D.  =  197  I  {(*;  +  /Os  -h*}. 
For  a  coefficient  of  *G17 

(D2.)     D.  =  198  I  {(/ib  +  /,.)«  -  /* .*} 
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For  a  coefficient  of  *623 

(D3.)     Da  =  200Z{(/*b  +  /i.^_/tJ}. 
For  a  coefficient  of  '628 

(D4.)     Da  =  201-6  I  {(/ib  +  /OS  -  /J). 
For  a  coefficient  of  '648 

(D5.)     Da  =  208  I  {(/ib  +  /O1  -  /^a1}. 
For  a  coefficient  of  '667 

(D6.)     Da  =  214Z{(/<b  +  /Ol-/'aiJ. 
For  a  coefficient  of  '712 

(D7.)     Da  =  228-6  I  {(/<„  +  /gi  -  7ij}. 
And  for  a  coefficient  of  *810 

(D8.)    Da  =  260Z{(/<b  +  h^-h*}. 
For  inch  measures  the  discharge  in  cubic  feet  is 

(E.)     Da  =  -6433  cd  I  {(/<b  +  /O"  -  /41}. 
And  for  lengths   (1)  in  feet  and  depths  (7<b)  in  inches 
the  discharge  also  in  cubic  feet  becomes 

(F.)     Da  =  7-72  cd  I  {/^  +  /O1  -  /ia1}- 
The  latter  equation,  when  the  coefficient  of  discharge, 
•cd,  is  taken  at  *614  becomes 

CD.  =  4-74  I  {/tb  +  /O1  -  h}},  and 
(*ivJD  =  4-74  I  hi,  when  the  velocity   of  ap- 
[     proach  vanishes. 

For  a  coefficient  of  '617 

CD.  =  4-76  I  {(/ib  +  7ij'  -  /if  },  and 

(F2.)jD  =  4*76  I  hf  when  the  velocity  of  ap- 
\    proach  vanishes. 

i  2 
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For  a  coefficient  of  '623 

^  JD.  -=  4'81  I  {(/,„  +  hrf  -  /,J},  and 

D  —  4'81  I  /4  with  no  perceptible  approach. 
For  a  coefficient  of  '628 

p.  =  4-85  Z  {(/ib  +  /,.)!  _  ;,Jl,  and 

3 

[D  =  4'85  I  li  |  •with  no  perceptible  approach. 

For  a  coefficient  of  "648 

iv  JDa  =  5  l  tth*  +  //a)i  "  //a^'  and 

(."*)'  „  3 

^D  =  5  1  7eb2  with  no  perceptible  approach. 
For  a  coefficient  of  f  or  '667 

D    =  5'14  l     /'    +  //i  "  7l 


(F6) 

D  =  5*14  I  htf  with  no  perceptible  approach. 

For  a  coefficient  of  "712 

=  5'5  l  Wl*  +  ll^  ~  ll*}>  ancl 

3 

\D  =  o'.">  Z  7/,;-1  with  no  perceptible  approach. 
And  finall    for  a  coefficient  of  "81 

|i,.  =  6-3  l{(hb  +  7».)3  _  i,h}  an(i 

D  =  6'3  I  7<|  when  the  velocity  of  approach 

vanishes. 

The  theoretical  value  of  /t.(  in  each  of  the  forep 
equations  is  in  terms  of  the  velocity  of  approach  ra 

r2 

h  —     ;i 
a~2r/' 

in  which  2  g  must  be  taken  equal  to  64'403  for  heads, 
in  feet,  and  equal  to  772'84  for  heads  in  iiu-hcs.     l>r.: 
it  is  evident  that  in  order  to  produce  the  velocity 
second  rm  passing  through  the  notch  with  a  nearly  stiil- 
luisin  above  it,  that  //   must  be  increased  from  its 
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n  o 

V  V 

theoretical  value  0—  to  ~z~n~ ,  in  which  expression  ca 

A  g      ca  ^  y 

is  the  coefficient  of  discharge  due  to  the  particular 
notch,  or  weir,  and  its  attendant  circumstances ; 
whence 

il          Theoretical  head 

»  —   ^2  OTT"  />2  * 

Cd  ^  0  Cd 

Now,  unquestionably  the  most  general  coefficient  both 
for  notches  and  submerged  orifices,  in  thin  plates,  for 
.gauging  whether  triangular,  rectangular,  or  circular, 
is  '617,  when  the  orifice  or  notch  is  small  compared 
with  the  approaching  channel;  whence  for  measures  in 
feet 

7ia  =  '0408  vl,  and  v&  =  4'95  VT7 
For  measures  in  inches, 

h&  =  -0034  vl,  and  v&  =  17'2  Vl£. 
And  for  measures  in  which  v&  is  expressed  in  feet  per 
-second,  and  li&  in  inches 

7/a  =  "49  vl,  and  va  =  1'43  Vl^T 
which  shows  that  half  the  square  of  the  approaching 
velocity  in  feet  is  equal  to  the  head  /?a  in  inches ;  very 
nearly.  By  substituting  these  values  of  7/a,  found  in 
terms  of  the  approaching  velocity,  according  to  the 
standards  used  in  the  equations  from  (A)  to  (F)  inclu- 
sive, and  also  in  equation  (r2),  we  shall  be  enabled  to 
find  the  proper  discharge  from  a  notch  in  a  thin  plate. 
The  values  of  7«a,  as  given  above,  can  be  found  at  once 
i:i  inches  from  the  observed,  values  of  v&,  to  be  also 
taken  in  inches,  for  coefficients  varying  from  "584  to 
"974,  by  means  of  TABLE  II.  Thus,  with  a  coefficient 
•of  '617,  we  shall  find,  for  an  approaching  velocity  of 
•36  inches  per  second,  that  7?a  becomes  4^  =  4*4  inches 
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nearly,  while  for  a  coefficient  of  '666,  it  is  onl}'  84  = 
3'8  inches  ;  and  for  a  coefficient  of  1,  the  theoretic;1.! 
head  is  but  If  —  1'7  inch  nearly. 

For  the  very  nature  of  the  case  the  approaching1 
velocity  must  continue  nearly  unimpaired  through  t  he- 
notch  with  but  a  very  slight  reduction  arising  from  tl.r 
viscidity  of  the  water  when  it  enters  the  aperture,  and 
separates  from  the  lateral  fluid.  But  in  order  to  give* 
this  unimpaired  velocity  by  means  of  an  extra  head  //.^ 
it  is  evident  that  //a  must  be  increased  above  tli^ 
theoretical  value  by  the  amount  due  to  the  coefficient 
of  discharge  ;  or,  as  before  stated,  //a  must  be  increased 

la  *  I 

from  ~     to     2?)    •      This   value   of  //a  is,   perhaps. 

something  too  large,  owing  to  the  reduction  of  ?'a  at 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  the  Literal 
water  above  the  crest. 

The  numerical  results  of  the  respective  formulae  from 
(A)  to  (FS),  inclusive,  can  be  obtained  by  modifying  tho 
form  as  in  equation  (42)  into 

=  '* 


,,   x 

in  which  i>  is  the  discharge  found,  when  there   is  no. 
velocity  of  approach,  by  the  common  formi>  =  5'35  x 

c,i  I  Ji-,  for  which  separate  values  are  given  in  equa- 
lions  from  (FJ)  to  (r8)  inclusive;   and  numerical  value- 

in  TAI-.I.I-:  VI.;  and  j  (l  +   '^J  •-  (r)*}  ft  multiplier 
.suited  to  the  velocity  of  approach,  the  values  of  which 
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can  be  found  from  TABLE  IV.  Suppose,  for  example, 
D  =  158'1  cubic  feet  per  minute,  hb  =  10  incbes,  and 
Aa  =  4  incbes,  which  is  that  due  to  an  approacbing 
velocity  of  3  feet  per  second  with  a  coefficient  of  '648 ; 

then  the  multiplier  becomes  (1  +  '4)*  —  '42  =  T4035, 
TABLE  IV.  Hence  the  discharge  due  to  an  approaching 
velocity  of  3  feet  is  158'1  x  1*4035  =  221'9  cubic 
feet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
•648  should  be  increased  to  '648  x  1*4035,  or  to  '909 
nearly,  which  approximates  within  10  per  cent,  of  the 
theoretical  value.  Nothing  can  show  more  clearly 

THE  NECESSITY  FOR  VARYING  THE  COEFFICIENTS  WHEN 
THE  ORDINARY  FORMULAE  ARE  USED,  EVEN  FOR  A  NOTCH 

ix  A  THIN  PLATE  :  for  other  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is 

Da  =  c  I  V/4  +  c  vl  h\ 

in  which  c  and  c  are  numerical  coefficients,  and  va  the 
velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple, although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  Da  approximately  correct. 
For  feet  measures,  and  time  in  seconds,  Professor 
Downing  makes,  after  D'Aubuisson,  p.  37  of  his 
translation, 

Da  =  cd  x  5-35  I  V^b  +  '03494  *•»  hi. 
Doctor  Robinson*  gives  for  like  measures  and  time, 
values  varying  from 

*  Proceedings  Koyal  Irish  Academy,  vol.  iv.  p.   212.     '1395  v\  is 
nine  times  the  theoretical  head,  and  too  much. 
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ra  -  3-55  I  V  hb  +  -1395  r*  1%,  to 
Da  =  3-2  I  VTb"  +  '1395  1%  hi 

]\Ir.  Taylor  finds  (for  the  Government  Referees,  see 
Report  on  the  Main  Drainage  of  the  Metropolis,  13th 
July,  1858,  p.  32)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

Da  =  5-5Z  V/<g  +  'Qtlhl; 

and  the  Messrs.  Hawksley,  Bidder,  and  Bazalgette 
assume,  (p.  33  ibid,)  for  like  measures, 

Da  =  5  I  Vl?T"-187f,  rl  hi 

which  they  consider  is  in  "  excess."  The  following 
table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  results  of  the  last  two  formulae, 
and  of  our  equations  (FS)  and  (i'7),  in  which  the  depth, 


Formulae. 

Mean  velocities  approaching  the  notch  in  feet 
per  second,  and  discharges  in  cubic  feet 
per  minute. 

0 

•5 

1 

1-5 

2 

g-a 

3 

1581 

158-5 

159-5 

161-4 

164 

167 

171 

D.  =  5  V  *i  +  '1875  vl  hi     •     • 

Equation  (L)  when  the  head,~\ 
ft.  ,  due  to  the  velocity  of  ap-  J 
Iiruiich   is  taken  at  only  its  j 
theoretical  value  .        .        .    ) 

1581 

159-2 

162-1 

166-8 

173 

ISO 

1S9 

Equation  (KS)  when  the  head,  ~v 
A«,  due  to  the  velocity  (if  ap-  (_ 
preach  is  Increased  for  the  co-  f 
efficient  of  velocity  "648   .    .   ) 

15S-1 

100 

107 

177 

190 

205 

-2 

Eq  nation  (r,)  when  the  head,  ^ 
A.  ,  due  to  the  velocity  of  ap-  (_ 
proach  is  taken   at  only  its  ( 
theoretical  value    .        .        .    ) 

173-9 

175-1 

178-3 

183-5 

190-1 

198-3 

207-5 

Equation  (r,)when  the  head% 
due  to  the  velocity  of  ap]>ro;u-h  ( 
is  increased  for  the  coefficient  ( 
of  velocity  712  .        .        .    .    ) 

173-0 
173-9 

170 
1757 

182 
180-8 

192 
188-9 

204 
199-8 

218 
213 

234 
228 

D.=5'5V  *l+  '8»i  A'i    . 
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7;b,  must  be  taken  equal  to  10  inches,  and  the  length, 
/,  equal  to  1  foot. 

In  equations  (L)  and  (N)  we  can  get,  TABLE  II.,  the 
values  of  the  head,  7/a,  due  to  velocity  of  approach  ra, 
as  follows  : 

r.  =   -5,       -1,       1'5,       -2,       2'5,     3  '0  ;  in  feet  per  second. 
//.„  =    -047,   '186,     -419,   745,  1-16,  1  '68  ;  theoretical  head  in  inches. 
Then 

Jt.  =   -111,   -447,     '997,  1-77,  276,  4';  for  a  coefficient  of  '648, 
and 

A.  =   -093,   -366,     -833,  1'47,  2'29,  3'31  ;  for  a  coefficient  of  '712. 
Whence  as  hb  —  10  inches,  we  shall  have  in  equation 


ll~  =   -oil,   -045,     -1,         -18,     -28,       -4  ;  for  a  coefficient  of  648, 

At 

and 

//H-  =  -009,   -037,     -083,     '15,       '23,     "33  ;  for  a  coefficient  of  712  ; 
Jt-i, 

/•  jt  \  |        x/j  \  j 

and  hence,  by  means  of  TABLE  IV.  f  1  +  y-a  j   —  f  r\ 

becomes  of  the  following  respective  values  suited  to 

the  above  velocities, 

1-015,  1-059,  1-122,  1-205,  1'3,  1-403  ;  for  a  coefficient  of  '648, 
and 

1-013*  1-049,  1-104,  1-175,  1'254,  1  '344  ;  for  a  coefficient  of  '712. 
These  latter  values  multiplied,  in  order,  by  the  initial 
values  of  the  discharges,  158'1  and  173*9,  in  the  above 
table,  give  the  discharges  in  the  third  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  of 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  TABLE  V.  shows 
that  if  the  coefficient  be  '667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  *712  when  the  ap- 
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icii-.p  the  nclt'cl  diteharpet  per  foot  in  lenpth  over  a  veir  (taupe  4/  et  lonti  Li  a  fewer;  and  the  ditchargt*  ly  different  formula  Irovfih 
rortcai-ddnriiKi  tAt  Metropolitan  S>  irttqe  /)ixci'.<*/'o»».  In  these  ftirmt't<r  n  i*  Tin:  niHciiAiifii:  IN  i  rmc  KKKT  I-KK  MINITI:,  h  THK  HEAD  IN  INCIIKS 
i  v  OK  AITHOACII  IN'  KKKT  I'KIt  SKCONK.  Sfe  p.  2  2,  Lulu-  tn  the  Jtlyht  lion.  Lord  John  Manners,  M.f.,frm»  the  (;,. 
tet,  dated  If.ti.  '•"'  «f  <>i't<'h,infi  tin  tx^n-imtiitvl  culnen  i"  not  xtat^l  in  the  Letter.  The  experimental  discharge! 
'llit*  for  the  co'.ilifinit  «f  <li*rhi»-gt.  a  ,  from  miw:>  to  '737  nearly. 

Heads,  initial  velocities,  and  corresponding  discharges  in  cubic  feet  per  minute  for  each  foot  in 
length  of  weir. 

8  inches, 
•007  feet. 

I 

ci                 p                 to           cp                   » 

O                        rH                        O               Cl                           0 

-r 

p               p               o         o                 •* 

C-l                        ^1                        O              04 

7  inches, 
•583  feet. 

? 

T*                   '/>                   '"-           P                     T3" 

0                        O                        -M               CO                           0 

rH                                                                 O                  rH 

0                        O                        rH               O                           O 

12*1 

li 

.HO 

GO 

CO 

o                p                h-          p 
-r                 co           n                   o 

? 

T"                 r1                 ?>           '.- 

CO                        00                       1—               S- 

II 

« 

OO                        Ci                        -ft—                           O 

•^                  v;                 f>          o 

CO 

p                        *M                        h-               -H 
rH                        <M                        «               rH                           o 
CO                        CO                        O               O 

4  inches, 
•333  feet. 

2 

00 

co                 co                 ca           co                    o 

•^                -^                IS         9 

CO 

r-t                              C-l                              -HJ«                  00                                  -^ 
TK                           •»                           CO                •» 

3  inches, 
••>!>  feet. 

CO 

1- 

CO 

o                 o                 i-5           o                   o 

CO                        CO                        -M               (N 

0 

p           »,           p       p            « 

C-l                        Crt                        C^               •?! 

2  inches, 
•107  feet. 

?. 

CO                          O                          rH                «                              § 
CO                      CO                      -r              XI                         0 

5 

.,                »                «          co               •?? 

>  ~                        O                        CO               O                           WO 

1  inch. 
•083  feet. 

n 

CO 
0                      uo                      p             f- 

ti                to                o          co                  <o 

§ 

S                        0                        5                                              '" 

Descriptions  and  Formula'. 

IK  ASS  OF  WATER  ON  WKIH.  | 

luitial  velocities  of  stream  ) 
in  feet  per  second  .  .  ) 

3       «5       Vi-^        i;;:;f-=M02 

„  +  1     i  1     ~  1  la  +  -S  • 

Is  1  i*s  1*  sir 

a  S  *j?   g  8    ^"so^    2o--"    ,!l 
y            §f        a    §*"     z    Z  2 
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proaching  channel  is  about  l'S3  times  the  section  cf 
the  water  in  the  notch,  and  this  only  when  j^  is  taken 

as  in  equation  (44).  If  the  arrises  of  the  two-inch 
thick  Avaste  board  be  rounded,  the  coefficient  must 
also  be  considerable,  although  uncertain  ;  but  as  the 
equation  Da  —  5'5  v  h^  +  '8  ri\li\  appears  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experiments. 
made  for  Mr.  Simpson,  in  which  the  quantities  varied 
from  5  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  varying  from  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  heads. 
measured  from  still  water  above  the  crest  in  'those 
experiments  suited  to  the  form  of  the  weir  used,  and 
to  its  attendant  circumstances,  is  "712. 

Equations  (39)  and  those  from  (A)  to  (FS)  may  be 
easily  changed  into  forms  in  which  only  the  depth  7*b> 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  cd,  are  intro- 
duced. It  is,  however,  only  necessary  here  to  reduce 
the  general  form  (A)  p.  114,  for  feet  measures,  which 

z 
becomes,  after  substituting  for  li&  its  value 


&  -2  —      —  > 

cd  X  &  g 

and  making  some  reductions, 


" 


and  for  time  in  minutes  the  discharge  is 

*  Vide  p.  22,  Letter  dated  16th  August,  1858,  from  the  Govern- 
ment Referees  to  the  1'iglit  Hon.  Lord  John  Manners,  on  the  subject 
of  the  Metropolitan  Main  Drainage. 
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<A2.)   p.  =  -r  I  {(64-4  <»  7,b  +  tl)    -  *i}  ; 
1  ii 

in  which  ?'a  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mulae may  be  again  reduced  to  many  others.  If  //b  be 
taken  in  inches  (A2)  becomes 

<AS.)          Da  =    ~  Z  {  (5-37  c\  7<b  +  fi)  *-  ti}. 

cd 

Mr.  Pole,  in  a  letter  to  Mr.  Simpson  and  Captain. 
Galton,  already  referred  to,  gives  the  special  value, 

D.=  l-06Z{(87*b  +  tl)'-ti}, 

which  corresponds  very  closely  with  the  experiments 
made  for  Mr.  Simpson.  If  ed  =  '712,  which  also 
closely  corresponds  with  those  experiments,  our  equa- 
tion (A3)  becomes  for  them 

(  A4.)         Da  =  1-225  I  {  (2-72  7<b  +  r2B)»  -  r*}  ; 
but  the  amount  of  the  discharge  must  always  depend  on 
the  coefficient  ca,  equation  (A3)  suited  to  the  special 
Circumstances  of  the  case  under  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

p  =  c  {  I  —  b  n  Jtb]  Ji^ 

in  which  c  =•  f  rd  V  2  y,  n  the  number  of  end  con- 
tractions, I  the  length  of  the  weir,  //b  the  head 
nu'usured  from  the  surface  of  the  water  above  the 
<-urvature  of  approach,  and  I  a  coefficient  due  to  the 
iriture  of  the  end  contractions.  The  mean  nume- 
ri.-al  expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francis's  Lowell  Hydraulic  Experiments,  p.  74. 
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,D  =  3-33  (I  -  'lnhb)Jl^,* 

but  the  value  of  c  varied  from  3'303  to  3'3617.  These 
results  give  corresponding  values  of  cd  —  '617  to  *628> 
and  when  c  =  3'33,  cd  =  *623.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  Lowell  experiments  on  a  wooden  dam 
10  feet  long,  level  and  3  feet  wide  at  the  crest,  with 
a  head  slope  of  3£  to  1  in  a  channel  10  feet  wide, 
give,  for  heads  between  6  and  20  inches,  a  mean 
coefficient  of  '663  or  '565.  This  for  feet  measures 
would  give  for  the  discharge  per  second 

D  =  3-02  /A 

For  greater  depths,  on  this  width  of  crest,  the  dis- 
charge would  probably  rise  as  high  as  3'1  h*  or  3 '3  h*. 
The  section  of  the  dam  was  the  same  as  that  erected 
by  the  Essex  Company  across  the  Merrimack  River, 
at  Lawrence,  Massachusetts.  See,  also,  TABLE  OF 
COEFFICIENTS,  p.  68. 

In  equation  (13),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  D  through  a  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says  : — 

"  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
with  high  scientific  skill,  in  various  countries,  with 
the  view  of  determining  the  necessary  formulas  and 
coefficients  for  their  application  in  practice,  are  for 
many  purposes  suitable  and  convenient.  They  are, 
however,  but  ill  adapted  for  the  measurement  of  very 
*  Francis's  Lowell  Hydraulic  Experiments,  p.  119. 
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variable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be 
so    wide   that     for   long   periods,    in   moderately    dry 
weather,  the  water  flows  so  shallow   over   its   crest, 
that  its  indications  cannot  be  relied  on.     To  remove, 
in  some  degree,  this  objection,   gauges  for  rivers  or 
streams  are  sometimes  formed,  in  the  best  engineering 
practice,    with    a   small   rectangular   notch   cut   down 
below  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.     If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.     The  principle  of  the  trian- 
gular notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the   other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  may  be 
made  slanting,  and  their  slopes  may  be  alike.     It  is 
then  to  be  observed,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients   derivable 
by  due  union  of  theory  and  experiments,  quantities  of 
running  water  from  the  smallest  to  the  largest  may  be 
accurately  gauged    by  their   now   through   the   same 
notch.     The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
flowing  is  very  small,  the  flow  is  confined  to  a  small 
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space  admitting  of  accurate  measurement ;  and  that 
the  space  for  the  flow  of  water  increases  as  the  quantity 
to  be  measured  increases,  but  still  continues  such  as  to 
admit  of  accurate  measurement. 

"Further,   the    ordinary  rectangular  notch,  when 
upplied  for    the   gauging   of  rivers,   is   subject   to   a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly    taking  into    account   the   influence   of    the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.     If  it  were  practicable  to  dam  up  the  river  so 
deep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
would  not  arise.     This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
te  so  far  below  the  crest  as  to  produce  but  little  effect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
small,  yet  when  the  quantity  becomes  great,  the  velo- 
city of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which  is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satisfactory  accuracy.     In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  affect  alike  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  notch.     The  method  by 
which  I  propose  that  this  may  be   effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of   the    notch,    and    extending  both   up-stream   and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  will  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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unchanging  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  the  weir 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrangement. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
nnd  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing  ;  very 
much  less  certainly  than  is  the  case  with  rectangular 
notches. 

"  Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  different  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  the 
necessary  coefficients  for  the  various  forms  of  notches 
nnd  approaches  selected,  and  for  various  depths  in  any 
one  of  them,  so  a-  to  allow  of  water  being  i^ni^rd  for 
practical  purposes,  when  in  future  convenient,  by 
nit  ans  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,  will  not  depend  upon  a 
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perfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefficients  for  various  depths,  or  an  empirical  formula 
slightly  modified  from  the  theoretical  one,  will  serve 
all  purposes. 

"  To  one  evident  simplification  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — namely,  the 
measured  head  of  water — while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namety,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  all  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  is  a  function. 

"  The  proposed  system  of  gauging  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  frequently  occurs  in  rivers,  it  is  found 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfall  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  still  be  approxi- 
mately at  least,  proportional  to  the  i  power  of  the 
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head,  as  before  ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  Avater  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

* 

"  I  have  got  some  preliminary  experiments  made  on 
a  right-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  45°  with  the 
horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  jet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic- 
feet  per  minute ;  and  the  depths  or  heads  of  the  water 
varied  from  2  inches  to  4  inches  in  the  right-angled 
notch.  From  these  experimants  I  derive  the  formula 

Q  =  0-317  n* 

where  Q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  H  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  being,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  through  a  wider 
range  of  quantities  of  water." 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  tJte  ijcncral  <ipj>Uc<i- 
ti"ii  of  the  coefficients  'G17  to  *628  for  all  forms  of 
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•orifices  and  notches  in  thin  plates.  *617,  as  shown  in 
note  p.  42,  gives  a  result  identical  with  the  practical 
results  of  Professor  Thomson's  experiments.  The 
great  advantage  of  the  triangular  notch,for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  are  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
-constant,  or  nearly  so,  not  only  for  one  but  for  all 
species  of  triangles,  when  the  depth  at  the  apex  is  not 
very  small  indeed  in  proportion  to  the  width  flowing 
over  at  the  surface. 

The  disadvantage  of  the  proposed  triangular  form 
of  depression,  if  permanent  in  a  dam,  would  be  that 
the  angular  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
above  of  the  water,  during  floods ;  and  therefore  the 
power  of  the  water  and  head  would  be  reduced  at  the 
period  when  most  required  for  mill-power  or  navigation 
purposes  ;  that  is,  during  dry  weather.  For  drainage 
purposes  the  winter  level  or  that  during  floods,  must 
evidently  be  kept  down,  unless  when  the  banks  are 
steep,  and  along  rapids ;  but  these  remarks  do  not 
apply  to  dams  erected  across  millraces  or  streams  where 
the  banks  are,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  permanent  gauging, 
to  find  the  relations  of  evaporation,  absorption,  and 
discharge  for  large  catchment  areas.  For  notch 
gauging,  to  determine  the  useful  effect  of  water  engines, 
rectangular  forms  in  thin  plates  have  the  coefficients 
already  well  determined,  and  the  calculations  are  easy. 
Pavers  and  large  quantities  of  flowing  water  in  the 
absence  of  a  weir,  are  best  gauged  by  selecting  some 
portion  where  the  section  and  velocity  are  nearly 
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uniform  and  determining  each  of  these  from  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bank.  The  jagged,  loose  and  irregular 
crests  on  most^mill- weirs  are  unfit  to  gauge  from. 

In  weirs  at  right 
angles  to  channels 
with  parallel  sides, 
the  sectional  area 
can  never  equal 
that  of  the  channel 
unless  it  be  mea- 
sured at  or  above  the  point  A,  where  the  sinking  of  the 
overfall  commences ;  and  unless  also  the  bed  c  D  and 
surface  A  B  have  the  same  inclination.  In  all  open 
channels,  as  millraces,  streams,  rivers,  the  supply  is 
derived  from  the  surface  inclination  of  A  B,  and  this  in- 
clination regulates  itself  to  the  discharging  power  of 
the  overfall.  When  the  overfall  and  channel  have  the 
same  width,  and  the  latter  is  considerable,  then,  as 
shall  appear  hereafter,  91  V  Ji  s  is  the  mean  velocity 
in  the  channel,  where  //  is  the  depth  in  feet  and  s  the 

2         /--  •-  „_„. 

rate  of  inclination  of  the  surface  A  B.     Also  —  V  2  g  It 

3 

is  the  theoretical  velocity  of  discharge  at  the  overfall, 
of  equal  depth  with  the  channel,  and,  when  both  velo- 
cities are  equal, 

I  N/T07*  =  5-35  VT  =  91  VT7; 
from  which  is  found 

«  =4=  -00346, 

the  inclination  of  B  A  when  the  supply  is  equal  to  the 
theoretical  discharge  at  the  overfall.  If  the  coefficient 
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;:t  the  overfall  were  *G2S,  or,  which  is  nearly  the  same 
thing,  if  a  large  and  deep  weir  basin  intervene  between 
the  weir  and  channel,  Fig.  19,  A  a  would  be  level,  the 


velocity  of  approach  would  be  destroyed,  and  then 
5-35  x  '628  \/T  =  3-36  \/~h  =  91  VT7; 
and  thence  the  inclination  of  B  A  is 

s  =±  =  '  00136 

very  nearly.  When  discussing  the  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
sumed and  the  resulting  surface  inclinations  would 
produce  velocities  that  would  destroy  the  regimen  and 
involve  a  considerable  loss  of  head.  If  the  quantity 
discharged  under  both  circumstances  be  the  same,  and 
li  be  the  depth  in  the  first  case,  Fig.  18,  then  the  head 

(5'35\  - 
— J3  k  =  1-36  h 

very  nearly,  from  which  and  the  surface  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
accuracy.  When,  in  Fig.  19,  the  inclination  of  A  B 

exceeds  — ,  the  head  at  a  must  exceed  the  depth  of  the 
river  above  A.  Further  on,  SECTION  X.,  some  remarks 
will  be  found  on  the  backwater  curve. 
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SECTION  Y. 

SUBMERGED   ORIFICES  AND   WEIRS. CONTRACTED   RIVE  I: 

CHANNELS. 

The  available  pres- 
sure at  any  point  in 
the  depth  of  the  ori- 
fice A,  Fig.  20,  is 
equal  to  the  diffe- 
rence of  the  pres- 
sures on  each  side. 
This  difference  is  equal  to  the  pressure  due  to  the 
height  A,  between  the  water  surfaces  on  each  side  ot 
the  orifice;  in  this  c.ise,  the  velocity  is 

(47.)  v=ct  N/2  (j  li] 

and  the  discharge 

(48.)  v  =  l  d  CA  \/2  //  It ; 

in  which,  as  before,  I  is  the  length,  and  d  the  depth  of 

the  rectangular  orifice  A. 

"When  the  orifice 
is  partly  submerged, 
as  in  Fig.  21,  A,,— 
h=d2  may  be  put 
for  the  sulnn. 
depth,  and  A — At  = 
di,  the  remaining 

po-'ti.ni   of  the    deptli  ;    whence  <\  +  </2  —  d  is  the   entire 

(.enth.      The  disc];arge  thrmigh    tlu;  submerged  de])tlL 
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<?j  is  cd  I  d2  X   V  2  <;  h,   and   the   discharge  through 
the  upper  portion  d^  is 


whence  the  whole  discharge  —  assuming  the  coefficient 
of  discharge  cd  is  the  same  for  the  upper  and  lower 
depths  —  is 

(49.)      D=cd  I  V  2j  |  d  aVT  +  |  (/i1  -  /</)  } 
We  may,  however,  equation  (31),  assume  that 


<?d  Z      T^"  (-/ 
very  nearly,  and  hence 


(50.)     D=cd  Z  J2  V2^  +  cd  Z  ^         2  g    /y- 

As  7«t  +    -1  =  h  —  —  this   equation  may  be  changed 

2t  — 

into 


(51.)     »=cdU2V2gk  +  cjd.j  2^(*t  +  |). 
In  either  of  these  forms  the  values  of 
cd  V^Tfe;  ^2^  fc  -  l^and  cdj  2 


can  be  had  from  TABLE  II.,  and  the  value  of  the 
discharge  D  thence  easily  found.  When  h—hfk=hb—h, 
the  mean  value  of  cd  may  be  taken  at  about  '585  ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice. 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  7fa  due  to  that  velocity- 
can  be  found  from  TABLE  II.,  and  the  discharge  js 
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f/a  and  //t-H'a  for  h  and 


then  found  by  substituting 
ht  in  the  above  equations. 


In  the  submerged 
weir,  Fig.  22,  h  be- 
comes equal  to  dit 
and  /zt  =  0;  the  dis- 
charge, equation 
(49),  then  becomes 


V  2  g 


j,  or 


\  V  J 

When  the  water  approaches  with  a  velocity  due  to  the 
height  h&,  then  h  becomes  li  +  h&,  lh—li^  and  equation 
(49)  becomes 

(53.)  D=CO 


IN  THE  IMPROVEMENT  OF  THE  NAVIGATION  OF 
RIVERS,  it  is  sometimes  necessary  to  construct  weirs 
so  as  to  raise  the  upper  waters  by  a  given  depth,  d±. 
The  discharge  D  is  in  such  cases  previously  known,  or 
easily  determined,  then  from  the  values  of  dlt  and  D, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest, 

(54.)  d9=-       "          ~ldi-> 

cdl  V  2  g  d-i 

or,  by  taking  the  velocity  of  approach  into  account, 

3  3 

(o5.)     «2  ~—  7^= — —         — —  -  —. 

cAl  V  2</  (^i  +  /«a)       3       V  c/i  +  lt& 

This  value  of  d2  must  be  the  depth  of  the  top  of  the 
weir  below  the   original  surface  of  the  water,  in  order 
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that  this  surface  should  be  raised  by  a  given  depth,  rfj. 

2 

When  hg,  is  small  compared  with  d2,  -    (Jx  +  hj   may 

3 

3  3 

be  put  for  -  X  >         .  —  in  equation  (55). 

EXAMPLE  VI. — A  river  whose  width  at  the  surface  is 
70  feet,  whose  hydraulic  mean  depth  is  4*4  feet,  and 
whose  cross  sectional  area  is  325  feet,  lias  a  surface  in- 
clination of  1  foot  per  mile;  to  ivhat  depth  below,  or 
lieight  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im- 
mediately above  it  shall  be  increased  by  3^-  feet  ? 

When  the  hydraulic  mean  depth  is  4*4  feet,  and  the 
fall  per  mile  1  foot,  from  TABLE  VIII.  the  mean 
velocity  of  the  river  is  29'98  or  30  inches  very  nearly 
per  second.  The  discharge  is,  therefore,  325  x  2|- 
—  812*5  cubic  feet  per  second,  or  48750  cubic  feet  per 

minute.      Hence,  -  -  =  696*4  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  cd  =  *628  in  the  first  instance, 
from  TABLE  VI.  the  head  passing  over  a  weir  corres- 
ponding to  this  discharge  is  27*4  inches ;  but  as  the 
head  is  to  be  in  creased  by  3|  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect;  that  is,  have  a 
clear  overfall,  and  rise  42  —  27*4  =  14*6  inches  over 
the  original  water  surface.  In  order  that  the  weir  may 
be  submerged,  or  imperfect,  the  head  could  not  be  in- 
creased by  more  than  27*4  inches.  Therefore,  assume 
the  EXAMPLE,  that  the  increase  shall  be  only  18  instead  of 
42  inches ;  the  weir  then  becomes  submerged,  and,  from 
equation  (54), 
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C96  -  -  x  18"  (as  I  =  1  fo&t). 


•628  Vl8"  x  20       3 

The  value  of  the  first  part  of  this  expression  is  found 
from  TARLE  VI.  or  TABLE  II.  equal  to 

=  22-56  in.  ; 


x      x  370-341 

36 
hence   22'56  —  --  =  10'56  inches  is  the  value  of  t?a; 

o 

that  is,  the  submerged  weir  must  be  built  within  10'oG 
inches  of  the  surface  to  raise  the  head  18  inches  above 
the  former  level.  If,  however,  the  velocity  of  approach 

be  taken  into  account,  it  is  equal  to  -  -  =  2  feet  per 
second  very  nearly  ;  and  the  height,  or  value  of  //a,  due 

3 

to  this  velocity,  taken  from  TABLE  II.,  is  -  =  *75  inch 
nearly;  therefore,  from  equation  (55), 

d  _   _  690-4  _  2  x  (18-75)*  -  (-75)* 

•628  V  2  ^  x'18-75  "  V  18-75 

The  value  of  -  /)%'4          =  =  (from  TABLE  VI.) 

•628  \/2//  x  18-7.-) 


iS3        v—        =  -1-84  feet  =  22-08  i, 

x         x  393-75 


olsojl  x  Vi°  <»>'  -_±1°L  =  L  x  i8-75  -^4^ 

i    A    ~  2  ()^>  -i  'i    •-  •*  i»"i.( 

=  12  o x  =  12'o  —    1  —  12  4. 

3        4'33 

Hence  f72  =  22'08  —  12'4  =  9'68  inches,  or  about  1 
inch  less  than  the  value  previously  found  from  equa- 
*  This  is  found  from  TAIILE  II.  more  readily. 
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tion  (54).  The  mean  coefficient  of  discharge  was  here 
assumed  to  be  '628.  Experiments  on  submerged  weirs, 
show  that  the  value  of  cd  varies  from  '5  up  to  '8,  but 
as  this  coefficient  would  reduce  the  value  of  dz,  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  is 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained) to  use  the  lesser  and  ordinary  coefficients  of" 
perfect  weirs,  with  a  clear  overfall,  for  finding  the  crest 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  '8  were  used  in  the 
previous  calculation,  then  would  have  been  found  dz  =. 
•628  x  22-08  _  12.4  _  17.g3  _  12.4  _  4.93  -n^  or 

*8 

not  much  more  than  half  the  previous  value ;  and  this, 
would  only  increase  the  whole  height  of  the  weir  by 
9-68  -  4-93  =  4-75  inches. 

As  D  —  ~  cd  I  V  2  fj  {(&L  +  hj'2  —  7/1}  for  a  perfect 
weir  with  a  free  overfall,  it  is  clear  that  when  D  is. 
greater  than  -  ca  I  V  2  y  {(d^  +  7fa)*  ~  ''!}>  the  weir  is, 

imperfect  or  submerged.  For  backwater  curve  see 
SECTION  X. 

In  the  following  table  of  coefficients  from  Lesbros* 
<12  is  measured  from  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52),. 
it  will  be  seen  that  the  equation  D  —  cdZ  (di  +  dz) 
>/  2  (j  dl  adopted  by  Lesbros  is  incorrect,  and  can  only 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  84,  deuxiernc  (5Jition,  Hydraulique,  pur  Arthur  Moriiu 
Paris,  1858. 
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COEFFICIENTS   FOIl   SVl'.MKK'lKK    NOTCHES. 


Values  of  the 

Values  of  the 

Values  of 

''i 

coefficient  cd                Values  of 
in  the  formula                      rfi 

coefficient  cd 
in  the  formula 

X  Vij/d,. 

di  +  dt 

Vv5£'J 

•001 

•227 

•060 

•519 

•002 

•295 

•eso 

•517 

•003 

•363 

•100 

•1  ^A 

•516 

•004 

•430 

IvU 

•507 

•496 

•260 

•502 

•OOfl 

•556 

•300 

•497 

•007 

•597 

•350 

•492 

•008 

•605 

•400 

•487 

•009 

•600 

•450 

•480 

•mo 

"596 

VJ.V/ 

•015 

•580 

•500 

•474 

•020 

•570 

•550 

•466 

•025 

•557 

•600 

•459 

•030 

•546 

•700 

•444 

•035 

•537 

•800 

•4-27 

•040 

•531 

•900 

•409 

•045 

•526 

1-000 

•390 

•050 

•522 

,, 

,, 

The  experimental  values  are  those  shown  between  the  horizontal  linos. 

the  others  above  the  upper  ones,  and  below  the  lower  ones,  were  deduced 

from  calculation  by  Lesbros. 

The  true  value  of  the  discharge  is  expressed  by  the 

f  2  )  , 

equation  D  =  ca  I  -  ~-  ^  -f-  ^2  i    x  v  2  g  dlf  and  the 

values  of  cd  in  the  above  table  are,  therefore,  too  small, 
applied  to  the  correct  formula.  When  di  —  d2  the 
table  gives  cd  =  '474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "  drowned,"  the  general  value  of 
the  coefficient  is  about  '67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  <12,  in  the  true  formula,  equal 
to  '503,  and  a  mean  coefficient  cd  in  the  correct  formula 
(52)  equal  to  '569  nearly.  When  da  =  200  dlt  the  ap- 
parent limits  of  the  experiments  on  the  other  side,  then 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


141 


the  mean  value  of  cd  =  *496  nearly  in  equation  (52). 
These  results  would  show  that  the  coefficient  due  to 
the  submerged  depth  d2,  in  the  first  and  last  experi- 
ments, is  equal  to  about  *5  nearly,  (but  varies  to  '6- 
nearly  in  some  of  the  middle  experiments,)  or  there  - 
abouts,  and,  therefore,  equation  (52)  for  submerged 
weirs,  as  the  coefficient  for  the  upper  part  di  is  "67,, 
would  become 

(52A.)     D  =  I  x  {'445  dj_  +  '5  J2}  x  VT^  ; 
which  for  feet  measures  would  become  again 
(52u.)     D  =  I  x  V7/7  x  {3-56  dj,  +  4  d2}, 
for  the  discharge  in  cubic  feet  per  second  over  a  sub- 
merged weir,  Fig.  22. 

CONTEACTED   RIVER   CHANNELS. 

When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the 
width  of  the  channel  in  any  way,  as  in  Fig.  23,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
(/!  be  put  for  the  increase  of  depth  immediately  above 
the  contracted  width,  and  f!2  for  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 
lower  depth,  f/2,  is  equal  to  rd  I  d2  V  2  g  dlt  in  which  I 
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is  the  width  of  the  contracted  channel  at  A,  and  the 

2 

quantity  of  water  overflowing  through  dl  equal  to  -  x 

•o(1  1  d1  V  2  (j  f/j  ;  and  hence  the  whole  discharge  through 
A  is 

(56.)  D  -  Cd  i  V  2     di       +  - 


3 

When  the  object  is  to  find  the  width  I  of  the  contracted 
channel,  so  that  the  depth  of  water  in  the  upper 
stretch  shall  be  increased  by  a  given  depth  <1i,  then 
shall 

<67.)  I  = 


AVhen  the  velocity  of  approach  is  considerable,  or  when 
the  height  h&  due  to  it  becomes  a  large  portion  of  dly 
its  effect  must  not  be  neglected.  In  this  case,  as  before, 
the  discharge  through  the  depth  <72  is  equal  to  cd  I  d2  X 
V  2  (j  (d1  +  kg)  ;  and  the  discharge  through  the  depth 

e\  . j|  ^ 

</!  equal  to  -  cd  I  v  2  <j  {(d1  +  7/J*  —  7^} ;  and  hence 
the  whole  discharge  is 

(58.)     D  =  Cd  I  N/20  {c/2  (^1  +  fcj"  +  -  [(<?!  +  ''a)'S  —  74]}  ; 

3 

from  which  may  be  found 

(59.)    1=      —  _JB__  _. 

If  the  projecting  spur  or  jetty  at  A  be  itself  sub- 
merged, these  formula?  must  be  extended  ;  the  manner 
•of   doing  so,  however,  presents  no   difficulty,  as  it  is 
only  necessary  to  find  the  discharges   of  the  different 
lions  according  to  the  preceding  formula1,  and  then 
them    together;     but    the   resulting  formula  so 
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found    is    too  complicated    to  be  of  much  practical 
value. 


HEADS  AEISING  FROM  PIERS  AND  BACKWATER  ABOVE 
BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  I  is  put  for  the  sum  of  the  openings  between 
them.  The  value  of  the  coefficient  cd  will  depend  on 
the  peculiar  circumstances  of  each  case  ;  it  was  shown 
that  it  rises  from  '5  to  '7  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  '8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
fire  square  to  the  channel,  the  coefficient  may  be  taken 
nt  about  '6 ;  when  the  angles  of  the  cut- waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  '7  ;  and 
when  curved  and  acute,  at  '8.  With  this  coefficient,  a 
head  of  2f  inches  will  give  a  velocity  of  very  nearly  36 
inches,  or  3  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and  very  short  piers,  the  coefficient  may  be  so 
small  in  some  cases  as  '5,  which  would  require  a  head 
of  6f  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  54  to  21.  The  selection  of  the  proper 
coefficient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  effect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span, 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced. For  some  further  remarks  on  contracted 
channels,  see  SECTION  X. 


SECTION   VI. 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPROACHES. AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  BY 
INCREASING  THE  LENGTH. COEFFICIENTS  OF  DIS- 
CHARGE FOR  SIMPLE  AND  COMPOUND  SHORT  TUBES. 
SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  36,  Fig.  4,  that  a 
rounding  off,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  curving  assui 
the  form  of  the  vcnn-contracta,  the  coefficient  increases 
t<>  •'.)*('>,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge from  a  short  cylindrical  tube  A,  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  the  diameter, 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  orifice  in  a  thin  plate  of  the  same  diameter  as 
the  tube,  or  *814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  off  in  any  way,  the  coefficient 
will  increase  until,  in  the  tube  B,  Fig.  24,  with  a  pro- 
perly-rounded junction,  it  becomes  unity  very  nearly. 

Pig.  24. 


In  the  conical  short  tubes  c  and  D  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
verging or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  from. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  friction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  '00699,  due  to  a  discharging  velocity  of  about 
eighteen  indies  per  second,  see  SECTION  VIII.,  shows 
the  resistance  arising  from  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calculations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  '986 ;  secondly, 
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COEFFICIENTS   FOR    SHORT   AXD   LONG   TUBES. 
Velocities  about  1'5  foot  per  second. 


Number  of 
diameters  in 
the  length 
of  the  pipe. 

Corresponding 
coefficients  of  dis- 
charge, showing  the 
effects  of  friction. 

Number  of 
diameters  in 
the  length 
of  the  pipe. 

Corresponding 
coefficients  of  dis- 
charge, showing  the 
effects  of  friction. 

2  diameters 

•986 

•814 

•715 

650  diameters 

•228 

•226 

•223 

5 

•936 

•779 

•690 

700 

•220 

•-'17 

•215 

10 

•884 

•747 

•668  ! 

750 

•213 

"211 

•209 

15 

•840 

•720 

•649 

800 

•206 

••2o,', 

•203 

20 

•801 

•695 

•630 

850 

•201 

•199 

•197 

25 

767 

•673 

•615 

900 

•195 

•193 

•19-2 

30 

•737 

•653 

•598 

950 

•190 

•189 

•187 

35 

•711 

•634 

•584 

1000 

•186 

•184 

•183 

40 

•693 

•617 

•570 

1100 

•177 

•176 

•175 

45 

•665 

•601 

•558 

1200 

•170 

•169 

•168 

50 

•646 

•586 

•546 

1400 

•158 

•157 

•156 

100 

•513 

•480 

•458 

1600 

•148 

•147 

•146 

150 

•439 

•418 

•403 

1800 

•139 

•139 

•138 

200 

•389 

•375 

•364 

2000 

•132 

•132 

•131 

250 

•354 

•345 

•334 

•126 

•126 

•125 

300 

•327 

•318 

•311 

2400 

•120 

•120 

•120 

350 

•304 

•297 

•292 

2600 

•116 

•116 

•IK) 

400 

•287 

•280 

•276 

2800 

•112 

•11-2 

•112 

450 

•271 

•266 

•262 

3000 

•108 

•108 

•108 

500 

•258 

•254 

•250 

3200 

•105 

•105 

•104 

550 

-247 

•243 

•240 

3400 

•102 

•l(i-2 

•101 

600 

•237 

•234 

•231 

3600 

•099 

•099 

•099 

See  p.  199. 

when  the  arrises  are  square,  as  in  A,  with  a  coefficient 
of  '815 ;  and,  thirdly,  when  the  pipe  projects  into  the 
vessel,  when  the  coefficient  of  entry  becomes  reduced 
to  "715.  The  velocity  is 

v  =  ctl  V  2  g  h~ 

h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next  the  orifice 
of  entry.  The  effect  of  a  few  diameters  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Poleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  133  to  100,  or  as  '617  to  '821. 

CYLINDRICAL    SHORT    TUBES,    A,    FIG.    24. 

The  experiments  of  Bossut,  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  A,  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.  The  depths  are  given  in 

COEFFICIENTS  FOR  SHORT  TUBES,  FROM  BOSSUT. 


Heads 
in  feet. 

Coefficients. 

Heads 
in  feet. 

Coefficients. 

Heads 
in  feet. 

Coefficients. 

1 

•818 

6 

•806 

11 

•805 

2 

•807 

7 

•806 

12 

•804 

3 

•807 

8 

•805 

13 

•804 

4 

•807 

9 

•805 

14 

•804 

5 

•806 

10 

•805 

15 

•803 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Venturi's  experiments  give  a  coefficient  '823  for  a 
short  tube  A,  1^  inch  in  diameter  and  4£  inches  long, 
at  a  depth  of  2  feet  8-|  inches,  the  coefficient  through 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  '622.  The  author  has  calculated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  from  which 
the  calculations  were  directly  made  ;  and  as  the  differ- 

L   2 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or  vanishes,  as  may  be  seen 
l>y  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1'0658  English  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  -r^h- 
It  may  therefore  be  assumed  that  tlie  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Paris  or  English  feet,  or  inches.  This  remark 
will  be  found  generally  useful  in  the  consideration  of 
the  older  continental  experiments,  and  will  prevent 
unnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
Michelotti,  at  depths  from  3  to  20  feet,  and  with  short 
tubes  A  from  i-  inch  to  3  inches  in  width,  is  cd  =  '814. 
Buff 's  experiments*  give  the  following  results  for  a 
tube  T3g-  of  an  inch  wide  and  -p\  of  an  inch  long  nearly. 

HUFF'S   COEFFICIENTS   FOR   SMALL   SHORT   V 


Head  in 
inches. 

Coefficient. 

Head  in 
inches. 

Coefficient. 

Head  in 
inches. 

Coefficient. 

11 

•855 

6 

•840 

23 

•829 

2J 

•861 

14 

•840 

32 

•826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  \\Yis- 
bach's  experiments  give  a  mean  value  for  c&='8~L5,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  '843, 

4      8     12  16 

'832,  '821,  '810  respectively,  for  tubes  -,  -,  -  and  -  of  an 
inch  wide,  the  length  of  each  tube  being  three  times  the 


*  Aim; ilon  Jer  Pliysik  und  Chemie   von  PoggcndorfT,  1339, 
46,  p.  243. 
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diameter.  D'Aubuisson  and  Castel's  experiments  with 
a  tube  *61  inch  diameter  and  1'57  inch  long,  give  *829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  '715. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Rennie's  experi- 
ments with  glass  orifices  and  tubes,  TABLE  7,  p.  435, 
Philosophical  Transactions  for  1831.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated,  but  it  is  probable  from  the  result,  that  the 
arrises  of  the  ends  were  in  some  way  rounded  off ;  it 
is  stated  they  were  "  enlarged."  Indeed,  the  dis- 
charges from  the  short  tube  or  orifice  of  ^  inch 

COEFFICIENTS  FOR  SHORT  TUBES,  THE  ENDS  ENLARGED. 


Head 
in  feet. 

J  inch 
diameter. 

J  inch 
diameter. 

J  inch 
diameter. 

1  inch 
diameter. 

1 

1-231 

•831 

•766 

•912 

2 

1-261 

•839 

•820 

•920 

3 

1-346 

•838 

•821 

•880 

4 

1-261 

•831 

•829 

•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1'261  to  1,  and  1*346  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube, 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compound  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1'553.  The 
resulting  coefficients  for  the  |-  and  f  inch  tubes, 
approach  very  closely  to  those  obtained  by  other 
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experimenters,  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable ;  like  the  others  they  are, 

COEFFICIENTS   DERIVED   FROM    EXPERIMENTS   WITH   A   GLASS   Tl 
ONE   FOOT   LONG. 


Heads 

\  inch1 

Jinch 

3  inch 

1  inch 

in  feet. 

diameter. 

diameter. 

diameter. 

diameter. 

1 

•892 

•703 

•691 

780 

2 

•914 

•734 

•718 

•749 

3 

•831 

•723 

709 

•777 

4 

•914 

•725 

•677 

•815 

however,  valuable,  as  exhibiting  the  uncertainty  at- 
tending "experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  result  a 
good  deal,  particularly  when  it  is  recollected  that 
measurements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  433  of  the  work  referred 
to,  that  the  "  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections  ; "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differencrs. 

The  coefficient  for  rectangular  short  tubes  (lifters 
in  no  way  materially  from  those  given  for  cylindrical 
<>nes,  and  may  be  taken  on  an  average  at  '814 
or  -815. 
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SHOUT   TUBES   WITH  A   ROUNDED    MOUTH-PIECE,    B, 
FIG.    24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  vein,  Figs.  3  and  4,  pp.  35 
and  36,  the  mean  value  of  the  coefficient  cd  =  '956, 
and  the  actual  discharge  is  found  to  be  from  93  to  99 
per  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  1|  inch  long  and  -,%-  inch  diameter,  rounded  at 
the  junction,  found  at  1  foot  deep  cd  =  '958,  at  5  feet 
deep  cd  =  '969,  and  at  10  feet  deep  CA=  '975.  These 
experiments  show  an  increase  in  the  coefficients,  in 
this  particular  case,  for  an  increase  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  from  *715  to  *814,  and  to  '986,  according  to 
the  change  in  the  junction  from  the  cylindrical,  pro- 
jecting into  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefficients  derived  from  Venturi's 
experiments  will  be  given  hereafter. 

SHORT  CONICAL  CONVERGENT  TUBES,  C,  FIG.  24. 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  original  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  discharging 
orifice  in  the  experiments  was  '61  inches,  and  the 

*  TraitS  d'Hydraulique,  Paris,  p.  60. 
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COEFFICIENTS   FOR   CONICAL   CONVERGENT   TUT.ES. 


Con- 
verging 
angle  o. 

Coefficient 
of  dis- 
charge. 

Coefficient 
of 
velocity. 

Con- 
verging 
angle  o. 

Coefficient 
of  dis- 
charge. 

Coefficient 

of 
velocity. 

1° 

•858 

•858 

14° 

•943 

•964 

2° 

•873 

•873 

16° 

•937 

•970 

3° 

•908 

•908 

18° 

•931 

•971 

4° 

•910 

•909 

20° 

•9-22 

".'71 

5° 

•920 

•916 

•2:2  3 

•917 

6° 

•925 

•923 

26° 

•904 

•975 

8° 

•931 

•933 

30° 

•895 

•976 

10° 

•950 

40° 

•869 

•980 

12° 

•942 

•955 

50° 

•844 

•985 

length  of  the  axis  1'57  inch ;  that  is,  the  length  was 
2*6  times  the  smaller  diameter  of  the  tube.  The  co- 
efficient became  '829  for  the  cylindrical  tube,  /.  <-. 
when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  '943  for 
an  angle  of  13^  or  14  degrees,  after  which  they  again 
decrease;  but  the  coefficients  of  velocity  increase 
the  angle  of  convergence,  o,  increases  from  '829, 
when  the  angle  is  zero  up  to  '985  for  an  angle  of  50 
degrees. 

"When  D  is  the  discharge  and  A  the  area  of  the 
section,  as  before  shown,  D  =  cd  A  V  2  g  h;  but  as. 
in  conically  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  be  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 
velocity  V  2  g  h,  the  coefficient  r(l  must  vary  inversely 
with  the  sectional  area  A,  and  that  ca  x  A  must  be 
constant.  For  the  coefficients  tabulated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig.  24. 

For  a  short  tube  c,  whose  length  is  '92  inch,  lesser 
diameter  1*21  inch,  and  greater  diameter  1'5  inch,  the 
author  has  found,  from  Venturi's  experiments,  that 
cd  =  '607  if  the  larger  diameter  be  used  in  the  calcu- 
lation, and  cd  —  *934  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  under  a  pressure  of 
2  feet  8|  inches. 

The  earlier  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7'67 
inches  long,  2' 167  inches  diameter  at  each  end,  gave 
cd  =  '854 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2f  inches,  ca  =  "903  ;  increased  to 
3'5  inches,  cd  =  '898  ;  increased  to  5  inches,  c^=  '888; 
and  increased  to  9'83  inches,  cd  =  *864.  The  depth 
or  head  was  21'33  inches,  the  discharging  orifice 
2'167  inches  diameter,  and  the  length  7'67  inches,  in 
each  case. 

In  the  conically  divergent  tube  D,  Fig.  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
from  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  from  1  to  10  feet,  whose  axial 
length  is  3£  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1*3  inch,  gives,  when  placed  as  at  c,  *921 
for  the  coefficient ;  but  when  placed  as  at  D,  the  co- 
efficient increases  to  '948.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving, and  in  the  other  the  discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  for  the 
tube  c  than  for  the  tube  D,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conically  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compound 
short  tubes. 


KFFECTS    OF    COMPOUND    ADJUTAGES   AND    ADMISSION    OF 
AIR   INTO    SHORT    TUBES. 

If  the  tube  A  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  will  be  immediately 
reduced  in  the  proportion  of  *814  to  '617.  Venturi 
found  the  reduction  for  a  tube  1|-  inch  diameter  and 
1!  inches  long,  at  a  depth  of  2  feet  10£  inches,  as  41 
to  31,  or  as  '823  to  ,6f22.  As  long  as  one  hole  re- 
mained open,  the  discharge  continued  at  the  same 
reduced  rate ;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
sit  the  distance  of  1£  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably l£  or  1£  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accounts  for  the  coefficients  for  a  short  tube 
A,  Fig.  ~2\,  and  the  short  tubes,  diagrams  1  and  2, 
1  ig.  25,  being  each  the  same  decimal  nearly,  when 
<>u:  o  r : :  1 :  '8,  er  when  o r  is  not  less  than  o  R  X  '79, 
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O  R 

nnd  is  at  the  distance  of  nearly  —  from  o  R.      The 

form  of  the  junction  o  o  r  R  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principally,  from  Venturi's  experiments.* 
Fig.  25. 


These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain  ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  ah1  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  duly  considered. 

When  a  tube  similar  to  diagram  5,  Fig.  25,  has  the 
junction  o  o  r  R  rounded,  as  in  Fig.  4,  page  36,  the 
outer  extremity  s  t  s  T,  such  that  s  t  =  or,  s  s  =9  st, 
and  the  diameter  s  T  =  1'8  times  the  diameter  s  t,  with 
a  short  central  cylindrical  piece  o  r  s  t  between,  the 

*  See  Nicholson's  translation  of  Venturi's  Experimental  Inquiries, 
published  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  table,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE    OF   COEFFICIENTS   FOIl   SHORT   TUBES   AXD   MOUTH-1'I 


Description  of  orifice,  mouth-piece,  or  short  tube. 

Coefficients 
for  the 

diameter 
o  it. 

for  i 
liianiLtcr 

1.  An  orifice  li  inch  diameter  in  a  thin  plate  .        .     . 

•ffl4 

2.  A  cylindrical  tube  1J  inch  diameter  and  4J  inches 

long,  A,  Fig.  24  

•823 

•823 

3.   A  short  tube  with  a  sharp  end  projecting  into  the 

cistern   

•715 

•7M 

4.  A  cylindrical  tube,  B,  Fig.  24,  having  the  junction 

rounded,  as  in  Fig.  4,  page  36  

•611 

•936 

5.  A  short  conical  convergent  mouth-piece,  c,  Fig.  24, 

of  the  proportions  ofoorR,  Fig.  25    .        .        .     . 
6.  The  like  tube  divergent,  with  the  smaller  diameter 

•607 

at  the  junction  with   the  reservoir  ;    length   3^ 

inches,  lesser  diameter  1  inch,  and  greater  dia- 

meter 1  -3  inch   

•561 

•948 

7.  The  tube,  oouvrn,  diagram  2,  Fig.  25,  when  o  R= 

1J  inch,  er=l'21  inch,  Mt=l'21  inch,  and  o  «= 

'/•  r  =  2  inches,  the  cylindrical  portion  being  shown 

by  dotted  lines      

•600 

S.  The  same  tube  when  ou=ll  inches  .... 

•567 

•878 

,,   The  same  tube  when  ou=23  inches      .        ... 

•531 

•817 

9.  The  tube,  ooisttr  R,  diagram  2,  Fig.  25,  in  which 

o  R=«  f  =s  T=l  J  inch,  from  o  to  s  1  j  inch,  and  *  s= 

3  inches,  gives  the  same  coefficient  as  the  cylin- 

drical tube,  result  Xo.  •_'   see  Xo.  19),  viz. 

•823 

10.  The  tube,  diagram  1.  Fig.  '..'5,  OR=1J  inch  .        .     . 

•804 

11.  The  same  tube,  having  the  spaces  o  «  o  and  r  t  R 

I'etween  the  mouth-piece  oorR  and  the  cylin- 

drical tube  OST  it  open  to  the  influx  of  the  water. 

12.  The  double  conical  tut>u,  o  -»s  rr  R,  diagram  3,  Fig. 

2.1,  when  o  K  =  ST=IJ  inch,  or=l'21  inch,  00= 

•'.'2  inch,  and  os  =  4'l  inches     

•928 

1-438 

13.  The  like  tube  when,   as  in  diagram   4,  Fig.    25, 

oorR=osTr,  and  o  os  =  l'84  inch     .        .        .     . 

•823 

14.  The  like  tube  when,  ST=1'46  inch,  and  o  8=2  17 

inches         ... 

•823 

1  -200 

15.  The  like  tube  when   s  T=3  inches,  and   o  s=9J 

inches    

•911 

1-400 

1C.  The  like  tube  when  o  s=6$  inches,  and  8  T  enlarged 

to  1  -92  inch        

1-020 

17.  The  like  tube  when  sT=2i  inches,  and  os=124 

inches    .        .                                                . 

18.  A  tube,  diagram  .1,  Fig.  2.1,  when  os=rt  =  3  inches, 

or=st—l"2\  inch,  and  the  tube  o  ST  r  the  same  as 

described  in  Xo.  12,  vi/.  sr=lj  inch,  and  *s=4'l 

inches         

•895 

i-tn 

19.  The  tulxj,  diagram  •_',  Fig.  2.1,  when  ST  is  enlarged 

s  to  7  inches,  the  other  dimen- 

sions remaining  a^  in  Xo.  '.'          

20.  When  the  junction  of  oirt  withssft,  diagram  2, 

•  '."-.  is  improved,  the  other  jurts  reman 

•  i'oed  in  Xo.  :i      

•850 

21.  Another  experiment  gives     

•847 

ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


157 


coefficient  of  discharge,  corresponding  to  the  diameter 
o  r  =  r  s  will  increase  to  1'493  or  1'555  ;  that  is,  the 

,.  .       1-493  1-555  . 

discharge  is  —  --  z'4,  or  : —  =  2'5  times  as  much 
as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 


1'555 

plate ;  and  : —    =1*9  times  as  much  as  through  a 

short  cylindrical  tuhe  A,  Fig.  24,  whose  diameter  is 
also  o  r.  Venturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cjiindrical  portion 
or  s  t  was  of  considerable  length ;  hut  this  was  a  mis- 
take, as  the  maximum  discharge  is  obtained  when  it  is 
reduced  so  that  o  or  n  and  s  s  t  T  shall  join,  as  in 
diagram  3,  Fig.  25.  It  is  seen  from  No.  16  of  the  fore- 
going coefficients  that  -=  =  2'52  and  ^-  =  1'91  are, 

*G22  "822 

perhaps,  nearer  to  the  maximum  results  obtainable 
by  comparing  the  discharge  from  a  compound  tube 
o  o  s  T  r  R,  diagram  3,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.  When  the  form 
of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1*8  o  r  and 
o  s  ™  9  o  r,  the  coefficient 


suited  to  the  diameter  o  r  will  be  1'57  nearly,  and  the 

1"57 

discharge  will  be  —  =  2'52  times  as  much  as  through 
an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  from  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  '622,  and 
for  a  short  cylindrical  tube  '822  or  '823.  When  the 
circumstances  of  head  and  approaches  in  the  reservoir 
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are  such  as  to  increase  or  decrease  those  primary  co- 
efficients, the  other  coefficients  for  compound  adjutages 
will  have  to  be  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results,  it  appears 
sufficiently  clear  that  the  utmost  effect  produced  by 
the  formation  of  the  compound  mouth-piece  o  o  s  T  r  R, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  by  contraction  in  passing  through 
the  orifice  o  R  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
equal  to  the  theoretical  discharge,  or  the  coefficient  unity , 
a2>pUed  to  the  primary  orifice  o  R;  for,  as  orifice  o  R: 
orifice  o  r  ::  ~L  :  '64,  very  nearly,  when  o  o  r  R  takes  the 
form  of  the  vena-contracta,  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  '622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  R,  is  to  the  actual  discharge  through  an  orifice  o  r,  so  is 

1  to  '622  x  '64,  so  is  1  :  '39808  : :  1  :  -4  very  nearly ; 
and  as  '4  x  2'5  =  1,  it  is  clear  that  the  form  of  the 
tube  o  o  s  T  r  R,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  by  contraction  in  the 
vena-contracta.     Venturi's  sixteenth  experiment,  from 
which  the   coefficients   in  No.   17  of  the   Table   are 
derived,  gives  the  coefficient  1'215  for  the  orifice  o  R. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  be  obtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2 '5    applied  to  the  contracted  orifice  o  r,  which,  ns 
above   shown,    is    equal  to    the   theoretical   discharge 
through  o  i:. 
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SHOOTS. 

"When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  be  converted  into 
a  shoot  or  small  channel,  open  at  the  top,  the  co- 
efficients reduce  very  considerably,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
particularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  found  for  orifices  8"  X  8", 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coefficient  from  "604  to  "601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4£  inches  the  co- 
efficient fell  from  '572  to  '483.  For  notches  8"  wide, 
with  the  addition  of  a  horizontal  shoot  9'  10"  long,  the 
coefficient  fell  from  '582  to  '479  for  a  head  of  8"  ;  and 
from  '622  to  '340  for  a  head  of  I".  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8" 
long,  inclined  4°  18',  the  mean  coefficient  for  heads 
from  2"  to  4^",  to  be  *527  nearly.  The  effects  arising 
from  friction  alone  will  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entiy  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  t 
has  given  the  coefficients  suited  to  different  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

*  Trait£  d'Hydraulique,  pp.  46  et  94. 

t  Vide  Morin's  Hydraulique,  deuxieme  Edition,  pp.  29  et  40. 
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have,  however,  been  already  pointed  out  when  dis- 
oussing  the  effects  of  the  position  of  the  orifice,  and 
the  addition  of  short  tubes,  on  the  discharge.  Equa- 
tion (74B),  p.  196,  is  here  applicable. 


SECTION  VII. 


LATERAL  CONTACT  OF  THE  WATER  AND  TUBE. — ATMO- 
SPHERIC PRESSURE. HEAD  MEASURED  TO  THE  DIS- 
CHARGING ORIFICE. COEFFICIENT  OF  RESISTANCE. 

FORMULA  FOR  THE  DISCHARGE  FROM  A  SHORT 

• 

TUBE. DIAPHRAGMS. OBLIQUE    JUNCTIONS. FOR- 
MULA  FOR   THE    TIME    OF    THE    SURFACE    SINKING    A 

GIVEN  DEPTH. LOCK  CHAMBERS. SLUICES. TIDAL 

SLUICES. 


Figr-27 


The  contracted 
vein  o  r  is  about  '8 
times  the  diameter 
o  R  ;  but  it  is  found, 
notwithstanding,  that 
water,  in  passing 
through  a  short  tube 
of  not  less  than  \\ 
diameter  in  length,  fills  the  whole  of  the  discharging 
orifice  s  T.  This  is  partly  effected  by  the  outflowing 
column  of  water  carrying  forward  and  exhausting  the 
air  between  it  and  the  tube,  and  by  the  external  air 
then  pressing  on  the  column  so  as  to  enlarge  its 
diameter  and  fill  the  whole  tube.  V.'lien  once  the 
water  approaches  closely  to  the  tube,  or  is  caused  to 
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approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  water  between  the  tube  and  the  vena-con- 
tracta  is,  however,  rather  in  a  state  of  eddy  than  of 
forward  motion,  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  25,  giving  the  same  discharge 
as  the  simple  cylindrical  tube.  If  the  entrance  be  con- 
tracted by  a  diaphragm,  as  at  o  E,  Fig.  27,  the  water 
will  also  generally  fill  the  tube,  if  it  be  only  sufficiently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  D,  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  nor  very  short. 

When  a  tube  is  fitted  to  the  bottom  or  side  of,  a  vessel, 
it  is  found  that  the  discharge  is  that  due  to  the  head 
measured  from  the  surface  of  the  water  to  the  lower  or 
discharging  extremity  of  the  tube.  It  must,  however, 
be  sufficiently  long,  and  not  too  long,  to  get  filled 
throughout.  Guiglielmini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Eoyal  Irish  Academy,  vol.  vii.,  p.  56. 
Venturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration. 

The  values  of  the  coefficients  for  short  cylindrical 
tubes,  which  are  given  p.  156,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section,  Fig.  27,  A  the  area  of 
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the  discharging  short  tube,  and  a  the  area  of  the 
orifice  o  n  which  admits  the  water  from  the  vessel  into 
the  tube  :  also  put,  as  before,  li  for  the  head  measured 
from  the  surface  of  the  water  to  the  centre  of  the 
tube,  and  diaphragm  o  R  ;  v  for  the  actual  velocity  of 
discharge  at  ST  ;  v&  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  R  ;  and  cc  for  the 
coefficient  of  contraction  in  passing  from  o  R  to  o  r ; 
then  c  X  v&  =  A  X  v,  the  contracted  section  o  r  = 
cc  x  a,  and  consequently  the  velocity  at  the  con- 
tracted section  is  equal  to —  — a.  Now  a  theo- 

a  cc       a  cc 

retical  head  equal  to 


-  -v: 


20  20 

is  necessary  to  change  the  velocity  ra  into  v  by  the 
action  of  gravity  ;  but  as  the  water  at  the  contracted 

A    75 

section  o  r,  moving  with  a  velocity  --  ,  strikes  against 

a  cc 

the  water  between  it  and  T  s,  moving,  from  the  nature 
of  the  case,  with  a  slower  velocity,*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, sudden,  then  writers  on  mechanics  have  shown 
that  a  loss  of  head,  equal  to  that  due  to  the  difference 

A  V 

of  the  velocities,        —  —  v,  before  and  after  the  impact 
a.  cc 

must  take  place.  This  loss  of  head  is  therefore  equal  to 


*   Vide  Sir  Robert  Kane's  translation  of  Riihlman's  book  on  Hori- 
zontal Water  Wheels,  p.  49. 
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(60.) 


h  = 


from  which  the  velocity  from  a  short  tube,  is  found 
to  be 


CGI.)  v= 


__ 

c2 


1  -) 

f-±--iY  r 

U  ce         )  ) 


Now,  as  V  2  #  /i  would  be  the  velocity  of  discharge 
were  there    no  resistances,    or   loss   sustained,  it   is 


evident  that 


f  ,       1  )* 

x  -i  _  A2    ,    /  A     _  1\2  V- 

I1       ^    W'     Vj 


becomes  as  it 


were  a  coefficient  of  velocity.  When  the  diameter  of 
the  diaphragm  o  R  becomes  equal  to  the  diameter  s  T 
of  the  tube,  A  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  in  such  case  this  coefficient, 
which  we  call  c  o  f,  is  expressed  by  the  formula 

(62.)  «o/.= 


_^  +  /I  . 

c2       \cc 


*  When  the  diaphragm  is  placed  in  a  tube  of  uniform  bore,  then 
c  =  A,  and 

C0}.=  _^_  =   -C<—> 


acc  a 

and  the  loss  of  head,  in  passing  the  diaphragm,  becomes 

^. 

2  g 
A_ 

It  is  evident  from  the  equations  that  —  and  c,  depend   mutually  on 

M  2 
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and  when  the  approaching  section    c  is    very  large 
compared  with  the  area  A, 

1 

(63.) 

If  cc  =  '64,  the  last  equation  gives  c  of .  =  '872;  if 
cc  =  -601,  co/.  =  -833;  if  cc=  '617,  cof.  =  '847; 
and  if  cc  =  '621,  c  of  .  =  '856.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tubes,  perfectly  square  at  the  ends  and  of 
uniform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taken  into  account  in  the  above 
calculation,  they  will  account  for  the  differences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  ccbe  assumed  for  calculation  equal 
•590,  then  c  of '  =  '821 ;  and  as  this  result  agrees  very 
closely  with  the  experimental  one,  cc  should  be  taken 
of  this  value  in  using  the  foregoing  formula1,  from  (60) 
to  (63),  for  practical  purposes.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT    OF   RESISTANCE.  LOSS     OF    MECHANICAL 

POWER   IN   THE    PASSAGE   OF  WATER    THROUGH  THIN 
PLATES   AND    PRISMATIC    TUL! 

The  coefficients  of  contraction,  velocity,   and    dis- 

rach  other,  ami  that  they  <';mm>t  In-  assumed  arbitrarily.     See  equa- 
tions  (66),    (67),    (123),    (124),   and  (1*25),    with  the  corresponding 
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charge  have  been  already  defined.  The  coefficient  of 
resistance  is  the  ratio  of  the  head  due  to  the  resistance, 
to  the  theoretical  head  due  to  the  actual  or  final  velocity. 
If  v  be  this  latter  velocity,  the  theoretical  head  due  to 

•y3 
it  is  ^— ;  and  if  ct  be  the  coefficient  of  resistance,  then 

*g 

the  head  due   to  the    resistance    itself  is,  from  our 

•3 

definition,  cr  X   — .     Now  if  cv  be  the  coefficient  of 

9  . 
velocity,  the  theoretical  velocity  of  discharge  must  be 

7?  ?? 

— ,  and  the  head  due  to  it  is  equal  -5 —  :    but    as 

cv  c?  X  2  g 

the  theoretical  head  due  to  v  is^-,  then 


x  Zg 

is  the  head  due  to  the  resistance  ;  and,  therefore,  from 
the  definition,  the  coefficient  of  resistance  is 

(64.)  *r  =  i  -  1  ; 

cv 

from  which  the  coefficient  of  velocity  is  found 
(65,  <. 


^ 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versa.  If  cv  =  1,  cr  --  0,  as  it  should  be.  The 
following  short  table,  calculated  from  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  cy  is  equal  to  the  coefficient  of  discharge  cd.* 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  discharge,  aiid  contraction,  pp.  169 
and  171. 
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COEFFICIENTS   OF  VELOCITY  AND   RESISTANCE. 


Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

of 

of 

of 

of 

of 

of 

velocity. 

resistance. 

velocity. 

resistance. 

velocity. 

resistance. 

•990 

•020 

•910 

•208 

•830 

•452 

•970 

•063 

•890 

•263 

'820 

•488 

•950 

•109 

•870 

•320 

•814 

•508 

•930 

•156 

•850 

•383 

•810 

•525 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  '974 ;  while 
that  for  a  short  prismatic  tube,  A,  Fig.  24,  is  '814 
nearly.  The  coefficient  of  resistance  in  the  former 
case  is  '054,  and  in  the  latter  "508  ;  there  is,  therefore, 
9'4  tunes  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 

<?  9 

is  equal  to  the  head ; 
,  or  -949r?='663r2; 


2(/  x  '814 
that  is,  ; 


~  2  g  x  -9742 
£?. 


663  x  2  g  ~'  '949  X  2  g 
whence  we  get  v\  —  '698  vl  and  vl  =  1'431  vl  for  the 
relation  of  the  discharging  velocities,  r0,  from  an 
orifice,  and,  vt,  from  a  short  tube.  The  height  due  to 

(1  \  r2 

~    , , '  ~~  1 1"^'   f°r  short 
J  &  g 

prismatic  tubes,  and  f—       ,  —  1 )  — ^    —  for  orifices 
\  '9742          /      2  g 

in  thin  plates.     These  are  to  each  other  as  '508  to 
'054  x  1-431,  or  as   5'08  to   '773,    that   is  to   say, 
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the  loss  of  mechanical  potver  arising  from  the  resistance 
in  passing  through  short  tubes  is  6*57  times  as  great  as 
when  the  water  passes  through  thin  plates  or  mouth- 
pieces, as  in  Fig.  4 ;  and  the  discharging  mechanical 
power  in  plates,  is  to  that  in  tubes  as  1*431  to  1,  or  as 
1  :  '698,  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  5*4  per  cent,  for  the  plates,  and  about  51  per  cent, 
for  short  tubes.  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 

cit}',  — ^-r  is  the  theoretical  velocity  due  to  the  head 
*814 

o  o 

7}"  7}*^ 

in  short  tubes,  and  its  square  —  is    as    the 

*814~        "boo 

whole  head ;  therefore,  the  whole  head  is  to  the  head 

7J2 

due  to  the  discharging  velocity  as  to  v*,  or  as  1 

'boo 

to  *663  ;  and  as  *508  is  the  coefficient  of  resistance  * 
for  the  discharging  velocity,  '508  X  '663  =  '337  is 
the  coefficient  of  resistance  due  to  the  whole  head ; 
this  is  equal  to  a  loss  of  34  per  cent,  nearly,  or  about 
one-third.  In  like  manner,  *9742  x  '054  =  '0512  is 
found  for  the  coefficient  when  the  discharge  takes 
place  through  thin  plates,  or  5^-  per  cent,  of  the  whole 
head. 

DIAPHRAGMS. 

When  a  diaphragm,  o  n,  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162,  that 

*  Table,  p.  166. 
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/   A 

( 

\a  c. 


a  loss  of  head  equal  —  takes  place  when  v 

2  9 

is  the  discharging  velocity,  whence  the  coefficient  of 

resistance  is  equal  to  (  --  1  )  ,  *  according  to  the 
\a  cc          I 

definition.  The  coefficient  of  contraction  ce,  as  before 
shown,  page  164,  should  be  taken  equal  to  '590  in  the 
application  of  formula  (63)  ;  and,  as  it  must  also  be 
taken  equal  to  about  '621  when  the  area  of  the  tube  A 
is  very  large  compared  with  the  area  a  of  the  orifice 
o  R  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 
A 

/        0,         -1,         -2,         '3,         -4,         -5,         '6,         7,         •&,         -9,    and     1 

-!  successively,  the  coefficient  cc  must  be  taken  equal  to  >• 

<-  -621,      -618,      -615,      -612,      '609,      "606,      "603,      '600,      "597,      "593,    and    "590,  J 

taken  in  the  same  order.  As  the  approaching  section 
c  may  be  considered  exceedingly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  R  s  T  is  supposed  full,  in  equation  (61),  becomes 

(66.)  «,  = 


and  the  coefficient  of  resistance 

(67.)  <v 


*  For  the  sudden  alteration  in  the  velocity  passing  through  ;t 
diaphragm,  we  must  reject  the  hypothesis  of  D'Aubuisson,  Traite" 
d'Hydraulique,  p.  238,  and  adopt  that  of  ^S'avirr,  taking  the  loss  of 
head  to  correspond  to  the  square  of  the  difference  and  not  to  the  diflur- 
enco  of  the  squares  of  the  velocities  in  and  after  passing  the  orifice. 
Tlii-  coefficient  of  contraction  must,  however,  lie  varied  to  suit  the 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  ] 
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from  which  equations  and  the  above  values  of  cc,  cor- 
responding to — ,  the  following  values   of  the  coeffi- 

A 

cients  of  discharge  and  resistance  through  the  tube 
OUST,  Fig.  27  have  been  calculated. 

COEFFICIENTS  OF  CONTRACTION,    DISCHARGE,    AND  RESISTANCE  FOR 
DIAPHRAGMS. 


44 
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•621 

•ooo 

infinite. 

0'6 

•603 

•493 

3-115 

o-i 

•618 

•066 

231- 

07 

•600 

•587 

1-907 

0-2 

•615 

•139 

50-8 

0-8 

•597 

•675 

1-198 

0-3 

•612 

•219 

19-8 

0-9 

•593 

•753 

•762 

0-4 

•609 

•307 

9-6 

1-0 

•590 

•821 

•483 

0'5 

•606 

•399 

5-3 

111  this  table  cc  is  the  coefficient  of  contraction,  cd 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  A,  at  s  T  ;  and  cr  the  coefficient  of  resist- 
ance. The  discharge  is  found  from  equation  (61),  as 
c  is  here  very  large  compared  with  A,  to  be 

1 


(67A.)  D  =  A  V  2  g  h- 


. (     1     )  1  . 

=  A  V  2  #  /i  -]  :r-          2=cdA  V  2n  h. 

I     X    "T"    C      J 

The  coefficient  of  resistance  cr  is  here  equal  ( 1  )  , 

\acc         / 

and  the  coefficient  of  discharge  cd  =- -i.  * 


*  For  the  loss  sustained  by  contraction  in  the  bore  of  a  pipe  by  a 
diaphragm,  see  equations  (.123),  (124),  and  (125).     The  actual  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  fill  it ;  for  instance, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  water  surfaces,  or  when  the 
tube  is  sufficiently  long  to  be  filled  ;  in  this  case,  how- 
ever, thehciyht  must  be  determined  from  the  discharging 
velocity,  as  a  portion  of  the  head  is  required  to  over- 
come the  friction,  which  shall  be  referred  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5'3  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6*3  times 
that  due  to  the  velocit}',  and  that  the  coefficient  of 
discharge  is  reduced  to  "399.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  R,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  — into  those  of  cd,  opposite  to  them  in  the  table. 

A 

Thus,  when —    -  '8,  then  the  coefficient  of  discharge 

A 

"675 

suited  to  the  area  a,  is  equal  — -      =   '844,  and  so  of 

'8 

other  values  of  the  ratio     .      The   coefficients  in  the 
A 

table,  page  169,  are  for  the  larger  orifice  A  in  the 
formula  D  =  A  cd  V  2  g  h. 

f,  in  equation  (67A)  depends  on  the  thickness  of  the  diaphragm  as  well 
as  on  the  relation  of  a  and  A.  The  form  of  the  orifice  a  also  atlirts 
tin'  value  of  cc. 
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SHORT   TUBES    OBLIQUE    AT   THE    JUNCTION. 


When  a  tube  is  at- 
tached obliquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  T  o  s,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  T,  be  represented 
by  <j>,  then  '814  —  '0016  $  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with  experimental  results.  As  the  coefficient  of 


resistance  is  equal    —^ 
c 

*-"ir 


1,  equation  (64),  then  here 


T      (-814  - 

the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated  :  — 

COEFFICIENTS  OF  DISCHARGE  AND   RESISTANCE  FOR  OBLIQUE 
JUNCTONS. 


<f 

in  degrees. 

Coefficient 
of 
discharge. 

Coefficient 
of 
resistance. 

9 
in  degrees. 

Coefficient 
of 
discharge. 

Coefficient 
of 
resistance. 

0° 

•814 

•508 

35° 

•758 

•740 

5 

•806 

•539 

40 

•750 

•778 

10 

•798 

•569 

45 

•742 

•816 

15 

•790 

•602 

50 

•734 

•856 

20 

•782 

•635 

55 

•726 

•897 

25 

•774 

•669 

60 

•718 

•940 

30 

•766 

•704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
single  of  45  degrees  as  *508  to  '816,  or  as  1  to  1*6 
nearly  ;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  will  have  to  be  taken 
into  account.  The  head  li  is  measured  to  the  centre 
of  the  outside  orifice. 


FORMULA  FOR  FINDING  THE  TIME  THE  SURFACE  OF  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH.  -  DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTO 
ANOTHER.  -  LOCK  CHAMBERS. 

In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge, 
one  of  the  best  methods 
is  to  observe  the  time 
the  water  discharged 
from  the  orifice  takes  to 
sink  the  surface  in  a  prismatic  cistern  a  given  depth  ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  s  t  to  s  T, 
in  seconds,  is 


1 

[s        \          _[        t 

T1 

Fig.29 

••-•*> 
f 

~\ 

h 
...ji 

I  T 

?£E^fIr^E=^E^? 

; 

* 

0 

R 

mm'":wt  •'•/•  '•<//•'' 

(68.)  t=- 

in  which  a  is  the  area  of  the  orifice  o  R,  and  A  the  area 
of  the  prismatic  vessel  at  s  t  or  s  T  :  this  formula  i- 
for  measures  in  feet.  For  measures  in  inches,  we  have 

(69).  t  =      ," 
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This  time  is  double  the  time  required  to  discharge 
the  same  quantity  if  the  head  at  the  orifice  remained 
constant. 

EXAMPLE  VII. — A  cylindrical  vessel  5*74  indies  in 
diameter  has  an  orifice  '2  inch  in  diameter  at  a  depth 
of  16  inches  below  the  surface,  measured  to  the  centre ; 
it  is  found  that  the  water  sinks  4  indies  in  51  seconds  ; 
what  is  the  coefficient  of  discharge  ? 

The  theoretical  time  t  is  found  from  equation  (69), 
equal  ^ 

5-74    x  -7854  32-9476. 

13-9  x  -2'x 


=  — -~a     x  '5359=  31*8  seconds  :  hence,-^r  ="624 
•006  51 

is  the  coefficient  sought.     "When  the  orifice  o  E,  and 
the  horizontal  section  of  the  vessel  are  similar  figures, 

A  S  T^ 

is  equal o  ;    and  therefore,  for  circular  cisterns 

a,  OR' 

and  orifices,  it  is  unnecessary  to  introduce  the  multi- 
plier '7854. 

Fornmlse  for  the  time  water  in  a  prismatic  vessel 
takes  to  fall  a  given  depth,  when  discharged  from  an 
Fig.  29a. 


orifice  at  the  side  or  bottom  are  given  above.     The 
time  the  surface  s  T,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  s  t,  when  supplied  through  an  orifice  or  tube  o  R, 
from  an  upper  large  chamber  or  canal,  whose  surface 

2  A/* 

s'  t'  remains  always  at  the  same  level,  is          T7=x 

cd  a  V  2  g  ' 

and  thence  the  time  of  rising  from  B  to  s  for  measures 
in  feet  is 


and  for  measures  in  inches 


in  which  A  is  the  area  of  the  horizontal  section  at  s  T  ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  R  ;  cd  the  coefficient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  T,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  R  are  equal  to  A/*2,  and  the  time 
of  filling  it  equal  to 


then  the  time  of  filling  up  to  any  level  s  T,  for  mea- 
sures in  feet,  is  equal  to  the  sum  of  (69A)  and  (69c)  ; 
that  is, 

,      2    i 


~8-02:> 
and  for  measures  in  inches 

*  The  time  of  rising  from  a  to  s  (diagram  1)  is  exactly  double  the 
time  it  would  take  to  fill  the  same  depth  bcloio  i:,  if  the  pressure/ 
remained  uniform. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  175 

AM       fn        7/2     2/i) 

^  T  =  57«^{a  +  *r*FJ 


27'8 


When  s  T  coincides  with  s 
69F«  r 


for  measures  in  feet,  and 
(69G  }  T      A 


27-8  cdaM  ' 

for  measures  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  T'  is  also  variable,  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  uniform  level  s'  t'  s  t,  which 
is  known  or  easily  found,  is 

(69H  )          *  =  2AAi 

cda(A+ 

in  which  h^  +  f\  —  h  —f+f\  is  the  difference  of  levels 
at  the  beginning  of  the  flow  ;  AI  the  horizontal  section 
of  the  upper  chamber  ;  and  the  other  quantities  as  in 
Diagram  1.  As  A!  ./x  =  AI  .f,  then 

Ai  +  A  f  _    Ai  +  A  f 

A    h-     AI    /• 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
/x  below  the  first  level  s'  T',  the  head  above  s'  t'  s  t  is 
equal  to/i—  /x  in  the  upper  vessel,  and  the  depth  below 

/  *C         -/*  \ 

it  in  the  lower  vessel  is  equal  to   -  -  —  -  —  —  ;     whence 

mk 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  d,  is 
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f_.d  +  *W-'tt-±±*(f         n 
Jl  A  A         (Jl  —  Jxl- 

The  time  of  falling  through  an}-  given  depth,  jfx  is, 
tlierefore,  from  equation  (69n), 


<690  t_ 

cda(A  +  A:)  V  2  g  Cda  (A  +  Aa)  V  2 

f  (A  +  AX)  (/i-/,)\* 

"  — 


When  £  =  /i  this  is  reduced  to  t  =  -    *  A       ,  '  '^L 


and  farther   when  A  =  AI  this   last   is   again  farther 

A!  /i4  1-4142  AJ  /J 

reduced  to  t  —   -      '   ,—    —  -         /-^^- 
_  cdaVg          cdaV2#/! 

in  which  V  2  g  --  8'025  for  measures  in  feet,  and 
equal  27'8  for  measures  in  inches.  The  whole  time  of 
filling  to  a  level  the  lower  empty  vessel,  is  found  by 
adding  the  time  of  filling  the  portion  below  K,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  be 


to  the  time  of  filling  above  R,  given  in  equation  (69n), 
when  h  is  taken  equal  to  zero.  Equations  (69n), 
(69i),  and  (69K)  are  applicable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock,  after  making  the 
necessary  change  in  the  diagrams. 

The  above  equations  require  further  extensions 
when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower  ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
them.  For  sluices  in  flood-gates  with  square 
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arrises,  cd  may  be  taken  at  about  "545,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
SECTIONS  III.  and  VI. 

SLUICE    OPES.  -  FLOOD   AND    TIDAL    SLUICE    OPES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  fully  open,  submerged,  or  partly 
submerged.  Rejecting  the  velocity  of  approach,  and 
measuring  the  depth,  h  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig.  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 


Ji,  for  one  second;  or 
,  41     JD  —  481*5  cd  a  V  h,  for  one  minute  ;  or 

\  *  /   I  /  - 

D=4'95a  V  h  when  cd='617  in  one  second;  and 
ID  =  297  a  V  h  in  one  minute. 
All  in  feet  measures. 

In  the  case,  Fig.  20,  in  which  the  sluice  is  covered, 
or    entirely   submerged,    then  the    discharge   in   one 
minute,  in  feet  measures,  equation  (48)  becomes  also 
(47A.)         D  =  60  cd  a  V2#/i  =  297  a  V7i  ; 
in  which,  however,  h  is  now  the  difference  of  level 
between  the  surfaces  of  the  upper  and  lower  waters. 
If  cd  be  taken  "582  instead  of  '617  then 
(47fi.)  D  =  280  a  \Th. 

But  if  the  coefficient  run  up  to  *712  then 
(47c.)  D  =  343  a  VT. 

When   the   sluice-ope   is  partly   submerged,  as  in. 
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Fig.  21,  putting  c^  for  the  area  of  the  open  portion 
and  «2  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (50)  or  (51)  becomes 

2  g 


(50  &  5  1  A.)    D  =  60   cd  «2  V  2  g  h  +  cd  ^ 
-297  (a 


for  cd  =  *617  as  a  mean  value  in  both  a2  and  Oj.  It 
however  generalty  differs  in  both.  For  a  coefficient  of 
'582  it  becomes 

(50  &  5lB.)      D  =  280     a2  VT  +  a 


And  for  an  average  coefficient  of  "712  in  AJ  and  A2  it  is 
(50  &  51c.)      D  =  343     a2  \/T  + 


In  these  formulas  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

WHEN  THE  HEADS  VARY.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall,  /  is  evidently 

(7Q.)dD=cdaV2g  x  dtVJ=c&a\/Zgxdt\/hl  —  li. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69ii)  may  be  used  as  follows  to 
find  D.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a  ;  while  the  surface  of  the  'water  below 
rises  from  the  discharge  through  the  sluice,  and  if  1  1n- 
lower  pond  be  a  prism,  whose  horizontal  section  is  A, 
then  dividing  h  A,  the  quantity  by  the  time  t  as  given 
in  equation  (69A),  the  average  discharge  in  average 
seconds  of  the  whole  time  t  is 
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4-0125  cd  a  h 
(/OA.)      D  —      ,1  /., —  .     And  tor  the  time  t ; 

i      * 

4-0125  cd  h  t 
»=      Ai_/l4r  =  A/t- 

which  are   independent  of  the  area   A  of  the  lower 
vessel.     When  h  =  hi  then  /  =  o  and  this  becomes 
(70s.)  D  =  4-0125  cd  a  7tl  t  =  A  ^ 

which  is  exactly  one-half  what  it  would  be  in  the  same 
time  if  the  head  hi  remained  constant,  h  =  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  R. 

If  the  lower  level  remain  unchanged  and  the  upper 
varies,  then,  calling  the  section  of  the  upper  prism  AI; 
the  difference  of  level  hi}  and  /  the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

(70c.)      D  =  7 1  _  /T  d    f\i-     And  for  the  time  t; 
_  4-0125  cdaft_ 

-M_(/il_/)4- 

Avhen/  =  hi  this  is  reduced  to 

(70D.)  D  —  4-0125  cd  ah\t  =  hi  AX 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  fact  the  values  (70fi)  and  (70D)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  falls  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  into 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  filling  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 
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the  greater  the  number  of  lamina  the  more  correct  the 
result. 

When  the  levels  of  both  ponds  vary  by  the  water 
passing  from  one  into  the  other,  diagram  2,  Fig.  29a. 
Measuring /and/  from  the  common  level  and  calling 
/x  the  height  fallen  in  any  time  t,  then  from  equation 
(69i)  by  dividing  into/x  A  and  multiplying  by  * 
CA  a  AU  (A  +  AI)  V  2  a  t'  t 


When  /x  =  /i  and  the  water  is  one  level  in  both  ponds 
this  becomes 


And  when  A  is  infinitely  large,  U  and  /  —  0  this  is 
farther  reduced  to 


(70o.)  D  =  1  =  /1A1 

as  it  should  be.     In  each  of  the  last  three  equations 

\/~2T 
the  factor  — „ —  =  4'0125  for  feet  measures.    It  may 

be*said  of  these  formulas  that  the  product /x  AJ,  or/i  AX, 
gives  the  quantity  at  once,  but  in  many  problems /x,  fi 
and  t  have  to  be  found  from  each  other. 
Assuming  the  form  of  the  ordinary  formula 

D  =  cd  a  V  2  <//!  =  8-025  cd  a  Vfi 
in  one  second,  or  481 '5  cd  a  V/i  in  one  minute  for  a 
str;idy  head/!.  Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time  of  discharging  a  given 
quantity  is  doubled :  or,  which  is  the  same  thing, 
the  coefficient  cd  becomes  now  '5  c  in  the  first  form. 
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In  the  case  of  two  equal  ponds  equation  (70r)  would 
become  _ 

D  =  -707  cd  a  V20/i  X  t, 

and  the  time  1*4142  times  that  required  to  discharge  a 
quantity  equal  to/!  A  with  an  invariable  head/!.  But 
as  the  head  at  the  beginning  was  /i  +  /  =  2/x  if  this 
latter  head  were  used,  the  quantity  being  the  same, 


D= 


•707  cd  a 


x  t 


=  -177  cda 


x  t, 


or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/1?  remained  invariable  for  the 
same  time  t. 

FLOOD   AND   TIDAL    SLUICES. 

The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  to 


1S2  THE  DISCHARGE  OF  WATEll  FllOU 

rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture, — and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  effected  directly  or  by  approximation,  h 
being  any  function  of  t.  When  the  rise  or  fall  of  the 
flood  is  everywhere  proportionate  to  the  time,  as  in. 
ir  L  i,  diagram  3,  Fig.  29b ;  where  H  L  represents  the 
fall  and  H  i  the  time ;  then  in  diagrams  1  and  2,  if  t 
be  the  time  of  rising  through  h  +  f  —  hi,  the  time  of 

rising  through  h  is  ^-  and  integrating   equation  70 

"i 
accordingly, 

2  f  jt  

(TOA.)          D  =  Yhic*a  V20/»; 

for  the  discharge  in  the  time  of  rising  through  //,  which 
when  hi  —  ^  becomes 

(70s.)     D  =  |  cd  t  a  \/  2  fi  hi  —  '667  cd  t  a  VTgTi. 
The  coefficient  cd  is  therefore  reduced  one-third  when 
]ii=f,  when  lii  —  2 /or  at  half  flood,  and  indeed  through - 

2  fd 

out  hi,  for  either  diagram  1  or  2,  the  coefficient    .,  ' 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falling  through  /a  and  fully 
open  in  the  time  of  rise  or  fall  through  //,  -f  /  =•  hi- 
When  not  fully  open  the  discharge  becomes  still  further 
reduced. 

TIDES. — If  the  whole  fall  ir  L  be  that  of  a  tide  from 
high  to  low  water,  then  on  the  assumption  that  when 
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ir  ti  o\  L  is  the  arc  of  a  semicircle  it  represents  time,  T,  of 
rising  or  falling  through  H  L,  the  time  of  rising  through 
o  L  is  represented  by  the  arc  L  ol5  and  the  time  of  rising 
through  T  o  by  the  arc  Oj  ti  the  direct  integration  of 
equation  (70),  which  then  becomes  by  reduction 


I70c.)  rfD=cd  a  V2x  d  th  \         -  -  1  -  cos. 

in  which  th  is  the  time  of  rising  through  h  ;  and  —  „  —  ' 

the  semirange  of  the  tide,  gives  the  discharge.    Putting 
the  angle  L  QI  Oj  =  0  this  may  be  changed  into 


\/  /^- 


a 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.2  ^  for 
1  —  cos  0 


n  .a  \  / 

(70E.)d  D=cda\/2^  x  —  X  d  (^  J  \/  hj,  - 


Q 

sin2  ^ 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  hl}  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  from 
235  to  53  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  (70E)  and  found  them  to  vary  from 
'748  to  '785.  If  applied  to  the  common  form  these 
give 

(70p.)         D  =  ('748  to  -785)  cd  t  a  V  2  g  hl} 
for  the  discharge  within  the  limits  of  the  calculations. 
These  "  TIDAL  COEFFICIENTS,"  as  I  shall  call  them,  are 
too  high  for  most  cases  occurring  in  practice,  and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  13m.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
ning of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
unity,  which  is  the  limit  for  a  ver}r  small  value  of  h 
at  low  water  in  diagram  1.  At  semirange  for  a  small 
rise  h,  and  an  orifice  placed  there,  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  '667 ;  both 
giving  '833  for  an  arithmetical  mean,  which  is  evi- 
dently too  high,  as  the  coefficient  unity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  seniirange  of  the  tidal 
wave,  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  '667  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  T  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  /^  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70G.)     D  =  f  cd  a  \^glii  x  t  =  5'35  cd  a  V~ki  X  f, 
for  feet  measures  and  time  in  seconds  ;  or 
(70H.)  D  =  321  cd  a  V  //!  x  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  cd  is  best  taken  from  the  table  eal- 
culated  from  equation  (74u),  SECTION  VIII.  If  the 
length  of  the  culvert  *  or  pipe  under  an  embankment  at 

*  The  orifice  0  is,   in  practice,  generally  a  pipe  or  culvert  ot 
length  built  under  aii  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  cd  =  *731  then  (70e)  becomes 

(70i.)  D  =  234'6  a  V~hi  x  t. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radii  then  cd  =  '668  and  the  discharge  would  be 
(70x.)  D  =  214  a  V17  x  t. 

And  for  a  coefficient  of  '623 
(70L.)  D  =  200  a  \Thl  X  t. 

The  time  of  rise  or  fall  of  the  tide  may  be  taken  at 
6h.  13m.  in  diagram.  1,  and  the  time  df  rising  through 
hi  be  represented  by  the  arc  L  ol  ti,  diagram  3,  but  in 
diagram  2  the  time  corresponding  to  hi  is  the  arc  o\  fj. 
For  a  uniform  rise  these  times  would  be  represented 
by  1 1,  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  free  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir  ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  6,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
ture, a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvert,  at  right 
angles  to  the  door,  equal  to  a  sin.  0,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45°.  If  the  door  be  set 
back  in  the  culvert  these  cheeks  are  stopped  and  the 


THE  DISCHARGE  OP   WATER 

outlet  becomes  a  sin.  0.  Further  formulae  for  such 
contractions  would  be  mere  waste,  practically  con- 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
this  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulae,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  /i  is  lost  in  each  flood,  or  in  each 
tide  ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
sluice  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over. 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  from  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
:ni(l  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  30  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  3, 
are  nearly  as  the  changes  of  level.  In  the  remaining 
half  range,  comprising  one  quarter  above  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  until  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  hi, 
when  the  surface  at  T  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits.  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

Self-acting  sluices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weirs 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre  ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION    VIII. 

FLOW    OF   WATER   IN    UNIFORM    CHANNELS. — MEAN    VELO- 
CITY.  MEAN  RADII  AND   HYDRAULIC  MEAN  DEPTHS. 

BORDER. TRAIN. HYDRAULIC   INCLINATION. 

EFFECTS    OF   FRICTION. FORMULAE    FOR    CALCULAT- 
ING   THE     MEAN  VELOCITY. APPLICATION    OF    THE 

FORMULAE     AND     TABLES     TO     THE      SOLUTIONS       OF 
THREE  USEFUL  PROBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel ;  and  it  decreases  thence  to  the 
sides  and  bottom  :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir,  Fig.  22,  or  a 
contracted  channel,  Fig.  23,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  tin- 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  t<»  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be1  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formula' 
lor  the  discharge  from  each  kind  are  all  but  identical. 
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though  a  pipe  may  discharge  full  at  all  inclinations, 
while  the  inclinations  in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

MEAN   VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  chan- 
nel, the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empirical  formulae  equivalent  to 


in  these  equations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  vb  the  velocity  at  the  sides, 
or  bottom,  expressed  in  French  inches.  Tables  cal- 
culated from  these  formulae  do  not  give  correct  results 
for  measures  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measures,  which  are  as  1  to  T0678,  it  will  be  found 
that,  in  the  generality  of  channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  a,t  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.  Dr.  Young,*  modifying  Du  Buat's  for- 

mula, assumes  for  English  inches  that  v  -f  v^  =  v, 

and  hence  v  =  v  +  ^  —  (v  +  £)  .  This  gives  results 
very  nearly  the  same  as  the  other  formula  for  v,  but 
something  less,  particularly  for  small  surface  velocities. 
For  instance,  Du  Buat's  formula  gives  '5  inch  for  the 
mean  velocity  when  the  central  surface  velocity  is  1 

*  Philosophical  Transactions,  1808,  p.  487. 
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inch,  whereas  Dr.  Young's  makes  it  '38  inch.  For 
large  velocities  both  formulas  agree  very  closely,  dis- 
regarding the  difference  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  very 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  3  feet  per  second,  they  are  wholly  inapplicable 
to  rivers. 

Prony  found,  from  Du  Buat's  experiments,  that  for 

/2-37187  +  v\      . 

measures  in  metres  v  =  I  Jv,  in  which  v  is 

\o°15ol^  -J-  v/ 

also  the  maximum  surface  velocity.     This,  reduced  for 
measures  in  English  feet,  becomes 
m^  /  7-783    +  v 

-  UW+  v 

and  for  measures  in  English  inches, 
/  93-39    +  v 

=  Wl4  + 

For  medium  velocities  v  =  *81  v.  The  experiments 
from  which  these  formula?  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  v  from  that  of  v,  equation  (7lA),  and  given  the  re- 
sults in  columns  3,  6,  and  9  in  TABLE  VII.  Ximenes, 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
'914  v,  when  the  central  or  maximum  surface  velocity 

*  Francis,  Lowell  Experiments,  p.  15n,  iinds  this  formula  I 
per  cent,  less  than  the  result  found  by  weir  measurement  from  the 
formula  D  =  3'33  (I—  '1  n  h]  />-,  the  quantity  discharged  heinj,'  about 
250  cubic  feet  per  second,  and  the  velocity  about  :5"_'  feet.     It  uj'i 
however,  that  Francis  uses  the  mean  surface  velocity,   ami  not  the 
maximum  surface  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  per  cent.,  or  thereabouts,  in 
equation  (72). 
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is  v ;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  "914  X  '914  v  —  "835  v;  and 
hence,  for  large  channels, 
(72.)  v  =  '835  v, 

in  which  equation  v  is  the  maximum  velocity  at  the 
surface.  The  author  has  also  calculated  the  values  of 
v  from  this  formula,  and  given  the  results  in  columns 
2,  5,  and  8  of  TABLE  VII.  This  table  will  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Buat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN    RADIUS. HYDRAULIC    MEAN     DEPTH. BORDER. 

COEFFICIENT    OF   FRICTION. 


If,  in  the  diagrams  1  and 
2,  Fig.  30,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  A  c  B  D  A  and  A  B  D  c  A,  the  quotients  are 
termed  "  the  mean  radii"  of  the  tubes,  diagrams  1  and 
2 ;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed  "  the  borders"  In  the  diagrams  3 
and  4,  the  surface  A  B  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  taken  together, 
A  c  D  B,  becomes  "  the  border."  "  The  mean  radius  " 
is  equal  to  the  area  A  B  D  c  A  divided  by  the  length  of 


i 
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the  border  A  c  D  B.  "  The  hydraulic  mean  depth  "  is 
the  same  as  "  the  mean  radius,"  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  in 
diagrams  1  and  2  ;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  A  B,  diagrams  3  and  4. 
Throughout  the  following  equations,  the  value  of  the 
"mean  radius,"  "hydraulic  mean  cleptji,"  or  quotient, 

—  ,*  is  designated  by  the  letter  r,  remarking 
border  B  D  c  A 

here  that  for  cylindrical  pipes  flowing  full,  or  rivers 
with  semicircular  beds,  it  is  always  equal  to  half  the 
radius,  or  one-fourth  of  the  diameter. 

Du  Buat  was  the  first  to  observe  that  the  head  due 
to  the  resistance  of  friction  for  water  flowing  in  a 
uniform  channel  increased  directly  as  the  length  of  the 
channel  I,  directly  as  the  border,  and  inversely!  as  the 

*  M.  Girard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1'7  as  a  multiplier  to  the  border  for  finding  r,  to  allow 
for  the  increased  resistance  from  aquatic  plants  ;  so  that,  according  to 
his  reduction, 

area 
r  =  17  border' 

See  Rennie's  First  Report  on  Hydraulics  as  a  branch  of  Engineering  ; 
Third  Report  of  the  British  Association,  p.  167  ;  also,  equation  (85), 
1 1.  216.  The  Author  has  known  cases  in  very  irregular  channels  in 
which  for  this  sort  of  correction 

r  =  4  border" 

In  other  words,  where  the  velocity  found  from  the  common  formula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

t  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  ccetcris  paribus,  inversely  as  the 
diani' 
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area  of  the  cross-flowing  section,  very  nearly ;  that  is, 
as  -.    It  also  increases  as  the  square  of  the  velocity, 

nearly ;  therefore  the  head  due  to  the  resistance  must 
I 


be  proportionate  to 


V*  I 

If  ct  X  — -  -  =  ht,  then  ct 


is  the  coefficient  for  the  head  due  to  the  resistance  of 
friction,  as  h(  is  the  head  necessary  to  overcome  the 
friction  at  the  given  velocity ;  cf  is  therefore  termed 
"  the  coefficient  of  friction."  It  is  found  to  increase  as 
the  velocity  decreases. 


HYDRAULIC  INCLINATION. — TRAIN. 

If  I  he  the  length  of  a  pipe  or  channel,  and  lit  the 
height  due  to  the  resistance  of  friction  of  water  flowing 

in  it,  then  -?  is  the  hydraulic  inclination.      In  Fig.  31 

I 

the  tubes  A  B,  c  D,  of  the  same  length  I,  and  whose 


discharging  extremities  B  and  D  are  on  the  same  hori- 
zontal plane  B  D,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  A  and  c 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 
the  velocities  in  A  B  and  c  D  are  the  same,  the  height 

o 
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h  due  to  them  must  be  the  same  when  the  circumstances 
of  the  orifices  of  entry  A  and  c  are  alike.  The  whole 
head  is  H  —  h  +  ht  (see  pp.  161  and  162,  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  H, 
divided  by  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  //f  (found  by  subtracting  the 
height  h,  due  to  the  entrance  at  A  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  I.  When  the  height  h  is  very  small  compared 
with  the  head  hf  due  to  friction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads  ; 

-  may  be  substituted  for  -~  without  error;  but  for  short 

i  I 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulae,  which  only  allow  for  the  head  due  to  friction  ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
//  from  the  velocity  of  discharge  thus  found.  "When 
the  horizontal  pipe  c  D,  Fig.  82,  is  equal  in  every  way 


to  the  inclined  pipe  A  B,  and  the  head  at  A  is  that  due 
to  the  velocity  in  c  D,  the  discharge  from  the  pipe  A  u 
Avill  be  equal  to  that  from  c  D  ;  but  a  peculiar  property 
lu  longs  to  the  pipe  A  B  in  the  position  in  which  it  is 
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here  placed ;  for  if  it  be  cut  short  at  any  point  e,  or 
lengthened  to  any  extent,  to  E,  the  discharge  will  remain 
the  same  and  equal  to  that  through  the  horizontal  pipe 
c  D.  The  velocity  in  A  B  at  the  angle  of  inclination 
ABC,  when  A  c  =  ht,  and  A  B  =  c  D,  is  therefore  such 
that  it  remains  unaffected  by  the  length  A  E  or  A  e,  to 
which  it  may  be  extended  or  cut  short ;  and  at  this  in- 
clination the  water  in  the  pipe  A  B  is  said  to  be  "in 
train"  In  like  manner  a  river  or  stream  is  said  to  be 
"  in  train"  when  the  inclination  of  its  surface  bears 
such  a  relation  to  the  cross  section  that  the  mean 
velocity  is  neither  accelerated  nor  retarded  by  the  length 
of  the  channel ;  and  it  can  be  perceived  from  this  that 
the  acceleration  that  would  be  caused  by  the  inclination 
is  exactly  counterbalanced  by  the  resistances  to  the  motion 
icnen  the  moving  water  in  a  pipe  or  river  channel  is  in 
train. 

Some  writers  and  engineers  appear  to  confound  the 
inclination  of  a  pipe,  simply  so  called,  or  the  head 
divided  by  the  length,  with  the  hydraulic  inclination  ; 
and  consequently  have  fallen  into  error  in  applying 
such  of  the  known  formulae  as  take  into  consideration 
only  the  head  due  to  the  resistance  of  friction.  When 
pipes  are  of  considerable  length,  and  the  water  is 
supplied  from  a  reservoir  at  one  end,  the  inclination, 
found  as  above,  and  the  hydraulic  inclination,  may  be 
taken  equal  to  each  other  without  sensible  error ;  but 
for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 
long,  the  greater  number  of  formulae,  as  Du  Buat's 
and  others,  do  not  directly  apply ;  and  it  is  necessary 
to  take  into  consideration  the  head  due  to  the  orifice 
of  entry,  the  velocity  in  the  tube,  and  also  to  the 

o  2 
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impulse  of  supply  when  there  are  junctions.  These 
separate  elements,  and  their  effects,  will  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  farther 
on  to  some  experiments,  and  the  imperfect  application 
of  formulae  to  them,  first  premising  that  a  pipe  may  be 
horizontal,  or  even  turn  upwards,  and  yet  have  a  con- 
siderable hydraulic  inclination. 

v2 
As  h  =  (1  +  cr)  « — •  where  cr  is  the  coefficient  of 

*  9 

the  height  due  to  the  resistance  at  the  orifice  of  entry 

2   7 

A  or  c,  and  hf  =  cf  5 ,  therefore 

i/ 

-y2  It?      I  l 

(73.)    H  =  (l+A)-+^ 


and  hence  the  mean  velocity  of  discharge  is   found 
to  be 

-X  2      H       )* 

(74.)     v  =  J L-J     Ct  '*• 


or, 

2<yH     ~]l      (     2  0  H  r 
(74A.)      v  = 

Cd 

as  c|  =  c  +  -p  equation  (65).     Also  this  last  equation 

by  another  change  of  form  becomes 
.          1 

(74u.)      v  =  V  2  #  ir  x 


*  See  equations  (152)  and  (152A)  for  a  still  more  general  expression 
for  the  velocity ;  and  page  229,  for  the  value  of  ct   suited  to  various 

:  k-ji. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 


are  given,  for  different  values  of  cf,  cd,  and  -,  in  the 

small  table  at  p.  146,  and  below  at  p.  199. 

When  h  is  small  compared  with  ht,  or,  which  comes 

to  the  same  thing,  1  +  cr  small  compared  with  cf  x  - } 

It* 
(75.)  H  =  Cf  x  — -, 

and 

(76.) 

I     Cf     J 

TT 

In  the  last  equation,  if  s  be  substituted  for   ~j ,  equal 
the  sine  of  the  angle  of  inclination  ABC,  then 

(77.) 


The  average  value  of  c£  for  all  pipes  with  straight 
channels,  with  velocities  of  about  1'5  foot  per  second, 
may  be  taken  at  '0069914,  from  which  equation  (77) 
becomes,  for  measures  in  feet, 

(78.)  v  =  96  V77. 

As  the  mean  value  of  the  coefficient  of  resistance  ct 
for  the   entrance  into   a  tube  is    '508,    and    as  2  g 
:    64-403,  and    ct  =    '0069914,    equation    (74),   for 
measures  in  feet,  becomes 
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V  = 
V   = 

( 

64-403  H 

) 

>i 
i 
,or 

}'• 

,  or 

{> 

f 

•508  +  -0069914 
nr 

- 

r) 

I  • 

100 

xr\  ! 

0234  r  +  -0001085  I 
f           nr           ")  I 

\  234  r+  1-085  i 

Hfj                   ~\    1 
Lv                            j      •> 

:/ 

or 

/  i      •\r/,:\<±r  — *-  'i  M  ii  1 1 1  IM.T  /      i     ' 

(79.) 


(58d  +  l- 
\ 

This,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2^  feet  per  second,  ct 
=  -0064403,  and  therefore 


'• 


-0234  r  +  -0001  Z 
in  which  d  =  4  r  =  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74B)  Jor  a  Telocity  of  about  20  feet  per  second* 
when  c{  =  "004556,  and  for  different  orifices  of  entry, 
in  which  cd  varies  from  "986  for  a  rounded  orifice,  to  "715 
when  the  pipe  projects  into  the  vessel.  It  gives  directly 
the  coefficient,  which,  multiplied  by  V  2  g  H,  gives 
xthe  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  SECTION  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  g  H  in  equation  (74B),  when  ct  = 
•00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  vnliif 
of  \/  2  g  H  is  given,  in  inches,  in  column  2,  TABLE  II. 
For  feet  it  is  equal  8  V  H  nearly. 

Mr.   Provis's  valuable   experiments  t   with   1^-inch 

*  See  p.  146. 

t  Transactions  of  the  Institution  of  Civil  Engineers,  vol.  ii.  pp.  201 
—210. 
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VALUES  OF 


FOR  VELOCITIES  OF  ABOUT  20  FEET  PER  SECOND.* 


Number  of 
diameters  in 
the  length 
of  the  pipe. 

Corresponding 
coefficients  of 
discharge. 

Number  of 
diameters  in 
the  length 
of  the  pipe. 

Corresponding 
coefficients  ot 
discharge. 

2  diameters 

•986 

•814 

•715 

900  diameters 

•239 

•236 

•233 

5        „ 

•957 

•791 

•698 

950 

•234 

•230 

•227 

10        „ 

•919 

•769 

•683 

1000 

•228 

•225 

•222 

15        „ 

•886 

•749 

•669 

1050 

•233 

•220 

•317 

20        „ 

•855 

•731 

•656 

1100 

•218 

•215 

•213 

25        „ 

•828 

•713 

•643 

1200 

•209 

•207 

•205 

30        „ 

•804 

•698 

•632 

1400 

•194 

192 

•191 

35        „ 

•781 

•683 

•620 

1600 

•182 

•180 

•179 

40         „ 

•760 

•668 

•610 

1800 

•172 

•171 

•170 

45         „ 

•741 

•655 

•600 

2000 

•163 

•162 

•161 

50 

•723 

•643 

•590 

2200 

•156 

•155 

•154 

55 

•706 

•632 

•580 

2400 

•149 

•149 

•148 

100 

•595 

•548 

•514 

2600 

•144 

•143 

•142 

150 

•518 

•485 

•462 

2800 

•139 

•138 

•137 

200 

•464 

•440 

•422 

3000 

•134 

•133 

•133 

250 

•424 

•405 

•391 

3200 

•130 

•129 

•129 

300 

•392 

•378 

•366 

3400 

•126 

•125 

•125 

350          , 

•367 

•356 

•345 

3600 

•122 

•121 

•121 

400 

•346 

•336 

•329 

3800 

•119 

•119 

•118 

450 

•329 

•319 

•314 

4000 

•116 

•116 

•115 

500 

•314 

•307 

•300 

4210 

•113 

•113 

•113 

550          , 

•301 

•295 

•289 

4400 

•111 

•111 

•111 

600 

•289 

•283 

•278 

4600 

•108 

•108 

•108 

650 

•279 

•273 

•269 

4800 

•106 

•106 

•106 

700         , 

•269 

•265 

•261 

5000 

•104 

•104 

•104 

750 

•261 

•257 

•253 

5200 

•102 

•102 

•102 

800 

•253 

•249 

•246 

5400 

•100 

•100 

•100 

850 

•246 

•242 

•239 

5600 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  used  in  a 
published  worlcf*  for  the  purpose  of  testing  the  accuracy 
of  Du  Buat's  and  some  other  formulae  ;  but  the  head 


*  See  p.  146. 

f  Researches  in  Hydraulics, 
gingering. 
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divided  by  the  length  is  assumed  to  be  the  hydraulic 
inclination  throughout,  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  SECTION  I.,  page  16,  how  very 
nearly  the  formulae  and  experiments  agree. 

The  formulae  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply.  In  the  CIVIL  ENGINEER  AND  ARCHITECT'S 
JOURNAL,  Vol.  XV.,  page  366,  it  is  stated  that  "the 
chief  results  as  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."* 

"What  quantity  of  water  would  be  discharged  through  a  3-inch 
pipe  on  an  inclination  of  1  in  120  ? — Full  at  the  head  it  would  dis- 
charge 100  gallons  in  three  minutes,  the  pipe  being  50  feet  in  length. 
This  is 'with  stone-ware  pipe  manufactured  at  Lambeth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet,  the  water  not  being  higher 
than  the  head  of  the  pipe. 

"What  water  was  this? — Sewage-water  of  the  full  consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"At  the  same  inclination  what  would  a  4-inch  pipe  discharge  with 
the  same  distances  ? — Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  discharged  in  half  the 
time.  This  likewise  applies  to  a  pipe  receiving  water  only  at  the  inlet, 
and  of  not  greater  neight  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

' '  Before  these  experiments  were  made,  were  there  not  various  hypo- 
thetical formulsef  proposed  for  general  use  ?—  Yes. 

*  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &c.,  &c.  Presented  to  both  Houses  ot 
Parliament,  1852. 

t  It  is  a  mistake  to  call  those  formulae  hypothetical,  unless  so  far  as 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS.  201 

"What  would  these  formulae  have  given  with  a  3-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with  the  3-inch  pipe  ?— The  formulae  would  give  7  cubic  feet, 
the  actual  experiment  gave  11£  cubic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  formulas,  compared  with  the  discharge 
found  by  actual  practice,  would  be  as  2  to  3. 

"How  would  it  be  with  a  4-inch  pipe? — The  formulas  would  give 
about  147  cubic  feet  per  minute,  whereas  practice  gave  23  cubic  feet 
per  minute. 

"Take  the  case  of  a  6-inch  pipe  of  the  same  inclination ?— The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40|  cubic  feet 
per  minute  ;  from  experiment  it  was  found  to  be  63£  cubic  feet  per 
minute. 

"Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination  ? — 
Certainly,  to  a  very  great  extent.  For  example,  the  tables  give  only 
14'2  cubic  feet  per  minute  as  the  discharge  from  a  pipe  6  inches  dia- 
meter, with  a  fall  of  1  in  800  ;  practice  shows  that,  under  the  same 
conditions,.  47  '2  cubic  feet  will  be  discharged. 

"  Will  you  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  surface  ? — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theory,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

"Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  ? — It  may 
be  so. 

"  And  also  the  power  of  small  inclinations  properly  managed  ? — 
Yes  ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facts.  Every  formula  in  prac- 
tical use  is  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formulae  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  will  be  seen  in  this  SECTION 
that  the  experiments  from  which  the  formulae  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawksley's  is, 
substantially,  Eytelwein's  algebraically  transformed. 
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should  discharge,  say  200  feet  per  minute,  the  formula  would  require 
an  inclination  of  1  in  60  =  2  inches  in  10  feet;  whereas,  experiment 
h;is  shown  that  the  same  would  be  discharged  at  an  inclination  of  1  in 
200  =  $  inch  in  10  feet,  thus  effecting  a  considerable  saving  in  excava- 
tion, or  a  smaller  drain  would  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  Metropolitan  Commissioners  of  Sewers*  ;  assuming 
for  the  present,  with  the  surveyor,  examined  by  the 
Commissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formulae  are  the  same, 
u'hicli  is  incorrect,  the  calculated  discharges,  found  by 
means  of  TABLES  VIII.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diameter  of 
pipe  in  inches. 

Inclination 
of  pipe. 

Discharge  in 
cubic  feet  per 
minute  by 
experiment. 

Hypothetical 
discharge  by 
Du  Buat's 
formula. 

3 

1  in  120 

5-3 

6-6 

4 

1  in  120 

lo-7 

14 

3 

1  in  100 

11-2 

7-5 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

63-5 

43-8 

6 

1  in  800 

47-2 

13-3 

6 

1  in  60 

75 

59-3 

6 

1  in  100 

63 

43-8 

6 

1  in  160 

54 

33-4 

6 

1  in  200 

52 

29-2 

6 

1  in  320 

49 

21-8 

6 

1  in  400 

48-5 

19-6 

6 

1  in  800 

47-2 

13-3 

6 

Level. 

46 

00 

Du  Buat's  formula,  therefore,  gives  larger  results 
than  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  203 

the  pipe  was  not  full  at  the  lower  end  ;  but  less  in  the 
others.  If  in  these  the  head  due  to  the  impulse  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  the  experiments,  the  formulae  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
"  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  five  junctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  main  pipe  full,"  and  that 
"  without  the  addition  of  junctions  the  transverse 
sectional  area  of  the  stream  of  water  near  the  dis- 
charging end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  that  accruing  under  the  circumstances  of  the  junc- 
tions." It  is  also  stated,  that  "in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute." 

Now,  the  head  of  "  about  22  inches "  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
100  feet  long  it  would  be  equal  to  an  inclination  of  1  in 
55  !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discharged  46  cubic  feet  per  minute. \  This  is 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 
t  The  horizontal  pipe  would  discharge  equally  at  both  ends,  unless 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  velocity  of 
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equal  to  a  mean  velocity  of  46'9  inches  per  second  ; 
with  this  velocity,  we  find   from   TABLE   VIII.   the 
hydraulic  inclination  of  a  6-inch  pipe  to  be  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12'7  inches.     Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  he  '815,  we  also 
find  from  TABLE  II.  a  head  of  4£  inches  due  to  these. 
We  then  have, 
Head  'due  to  the  velocity  and  orifice  of 

entry     ......       4'25  inches 

Head  due  to  the  resistance  of  friction     12'70      ,, 
Kadius  of  pipe      .....       3'00      ,, 


Total        .         .     19-95 

which  is  about  2  inches  less  than  the  observed  head  : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident,  that  the  formula  gives,  if  anything,  larger 
results  than  these  experiments*  as  minlit  have  < 
expected,  instead  of  less  in  the  ratio  of  2  to  3,  as  is  stated 
in  tJic  Report. 

Wherever  junctions  are  applied,  as  in  the  examples 
above  referred  to,  the  formulae  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  junction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind  ;  but  before  formulae  deduced  from  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.     Of  course,  a  smaller  pipe  with  a  fall,  must  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  tme  of  the  other  formula},  for  finding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of  a  short  pipe  gives  in  itself  the 
means  of  increasing  very  considerably  the  surface 
inclination  of  the  fluid  stream,  by  reducing  the  section 
at  the  lower  end.  Assume  a  horizontal  pipe  50  feet 
long  and  6  inches  in  diameter,  then  if  the  receiving 
end  be  full,  and  the  discharging  end  one-third  full,  this 

6—2  1 

inclination  will  be  ~~  ^  =•  T^A  ',  and  that  the  dis- 
charging end  cannot  be  kept  full  unless  a  head  of 
several  inches  be  maintained  at  the  receiving  end,  or 
an  equivalent  from  a  lateral  supply.  When  the  pipe 
is  about  two  diameters  long  it  becomes  a  short  tube  ; 
and  when  the  length  vanishes,  the  transverse  section 
becomes,  simply,  a  discharging  orifice. 

DU  BUAT'S  FORMULA. 

The  coefficient  of  friction  ct  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  ct  =  '004556  answers  for  pipes  when  the  velocity 
is  20  ieet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

(80.)    .= 


maintaining  the  preceding  notation,  in  which  s  —  -?. 
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In  this  formula  "1,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 

depth,  as  it  was  found  that  297  (r  —  O'l)  agreed  more 
exactly  with  experiment  than  297r-  simply.  The 

/I  Y 

second  term   hyp.  log.L  +  1 '6  r,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 

term  '3  (r*  —  '!)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 
radical  formula  v  =  297  V  r  s. 

Du  Buat's  formula  was  published  in  his  Principes 
d'Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical ;  and 
also  from  experiments  on  open  channels  with  sectional 
areas  from  19  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  36,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  3,  and  from 
3  to  3,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  5  per  cent,  too  large  for  small  pipes, 
mid  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  he  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  h,  which 
must  be  deducted  from  the  whole  head  H  before  the 

hydraulic  inclination,  -y  =  s,  can  be  obtained ;  but  for 

• 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  full  by  the  late  Dr. 
Robinson  in  his  able  article  on  "rivers"  in  the 
Encyclopaedia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Buat  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finding  the  hydraulic  inclination  s,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  will  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  If  there  were  bends, 
curves,  or  contractions,  deductions  would  have  to  be 
made  for  these  in  like  manner  before  finding  s. 

Under  all  the  circumstances,  and  after  comparing 
the  results  obtained  from  various  other  formulae,  the 
author  originally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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306-596  (r*-'1032)  l 

v  =  /1Tr-  — T^—      --ri  -  -2906  (r  -  -1032), 


or  more  simply, 


This  gives  the  value  of  v  a  little  larger  than  the 
original  formula,  but  the  difference  is  immaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -03) 


The  results  of  equation  (81*)  are  calculated  for 
different  values  of  s  and  r,  and  tabulated  in  TABLE 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varying  from  -r^h  inch  to 
6  inches  ;  or  if  pipes,  diameters  from  £  inch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

K\  AMPLE  VIII.  A  pipe,  1£  inch  diameter  and 
WO  feet  long,  has  a  constant  head  of  %  feet  over  the 
discharging  extremity  ;  what  is  the  velocity  of  discharge 
per  second  ? 

*  "When  this  TABLE  was  first  calculated,  the  author's  formula  (119A) 
was  not  known,  and  as  a  development  of  Du  IHiat's  valuable  but 
romplrx  oxjircssion  the  table  is  retained.  <>«hei>  have  since  given 
TABLKS  calculated  from  (119A),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated  ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it. 
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The  mean  radius  r  —  -  —  -inches,  and  —  =  50  =-, 

1  s 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  TABLE  VIII.,  in  the  column  under  the  mean  radius 

o 

— ,  and  opposite  to  the  inclination  1  in  50,  is  found 

8 

30*69  inches  for  the  velocity  sought.  This,  however, 
is  but  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  from  the  whole  head  of  2  feet, 
before  finding  the  true  hydraulic  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat's  experiments  this  latter 
was  taken  at  "8125,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  small  as  '715 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
will  rise  to  "974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assumed  '815,*  from 
which,  in  TABLE  II.,  the  head  due  to  a  velocity  of 

7 

30*69  inches  is  1-  =  1*87  inch  nearly,  which  is  the 
value  of  h;  and  hence,  H  —  h  =  ht  =  24  —  1*87 

=  22*13  inches;  andr~  =—       -^5 —  =  54*2  —     -  , 

//{  --<  !•> 

the  hydraulic  inclination,  more  correctly.  With  this 
new  inclination  and  the  mean  radius  -,  the  velocity 
by  interpolating  between  the  inclinations  1  in  50 
and  1  in  60,  given  in  the  table,  is  30*69  — 1*34  =  29*35 
inches  per  second.  This  operation  may  be  repeated 
until  v  is  found  to  any  degree  of  accuracy  according 

*  See  EXAMPLE  16,  pp.  14,  15. 
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to  the  formula ;  but  it  is,  practically,  unnecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  TABLE  IX.,  in  which,  for  an  inch 
and  a  half  pipe, 

Indies.  Cubic  feet. 

For  a  velocity  of  20 '00  per  second,  1 '22718  per  minute. 
,,  ,,  9-00     „       ,,  '55223     ,, 

•30    „       „  -01841     „ 

•04    ,  "00245    , 


29-34    „       „         1-80027     „         „ 

The  discharge  found  experimentally  by  Mr.  Provis, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1*745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-cock  in  Mr.  Provis's  208  experiments  * 
with  1|  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  "715,  the  results  calculated  hy  the  tables 
will  agree  with  the  experimental  results  with  very 
great  accuracy,  and  it  is  very  probable,  from  the 
circumstances  described,  that  the  ordinary  coefficient 
"815  due  to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  '715  ; 
but  even  with  '815  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

TABLE  VIII.  gives  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  TABLE  X. 

*  Transactions  of  the  Institution  of  Civil  Engineers,  vol.  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  found  with 
quickness.  See  also  TABLES  XI.,  XII.,  and  XIII., 
and  the  TABLES  at  pp.  28  and  29. 

EXAMPLE  IX.  A  watercourse  is  7  feet  wide  at  the 
bottom,  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  18  feet,  the  depth  4  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile ;  what  is 
the  quantity  flowing  down  per  minute  ? 

Here  -  '-1  =  —  =   2'4272  feet  =  29'126 

7  +  2x6-8        20'6 

inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 
fall  is  4  inches  per  mile,  at  the  llth  page  of  TABLE 
VIII.,  the  velocity  v  =  12'03  —  '16  =  11'87  inches 
per  second  ;  the  discharge  in  cubic  feet  per  minute  is, 
therefore, 

11  *R7 

50  x   ~  x  60  =  2967-5. 
If  94-17  V71  =  v,  then  v  =  94'17  \  / 2'427  +  — 

V  15840 

y~~l 94'17 
—  =  —  =  1-17  feet  =  14-04  inches. 
6526  807 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  13^  inches  per  second. 
This  corresponds  to  a  fall  of  5  inches  in  the  mile, 
according  to  the  formula.  Du  Buat's  formula  is  less 
by  12^  per  cent,  or  ^th;  the  common  formula  too 
much  by  5  per  cent. 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

p  2 
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viz.  -  =  15360,  and  r  =  29*1   French  inches ;    the 

8 

observed  velocity  at  the  surface  was  15'74,  and  the 
calculated  mean  velocity,  from  the  formula,  11*61 
French  inches.*  TABLE  VII.  will  give  12'29  inches 
for  the  mean  velocity,  corresponding  to  a  superficial 
velocity  of  15'74  inches.  This  shows  that  the  formula 
also  gives  too  small  a  value  for  v  in  this  case,  by  about 

-/-th  of  the  result,  it  being  about  —  part  in  the  other. 

8*3 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  yV^n  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  differences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  purposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  an- 
more  partial  in  their  application.  Rivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  "  thr, 
rt'<l'um'.n"  or  adaptation  of  the  velochy  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  cau- 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

*  These  measures  reduced  to  inches,  give  r  =  31 '01 4,  r  =  : 
and  the  surface  velocity   16'775  iuches ;  reduced  for  meaii  velocity 
"1  inches. 
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to  estimate  accurately,  but  which  may  be  taken  at 
from  10  to  100  per  cent,  of  that  in  the  clear  unob- 
structed direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  drainage  or  mechanical  results 
obtainable  from  a  given  fall  and  river  channel,  from 
form-uf(g  ivhich  give  lesser,  than  from  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rivers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.  This  is  as  much  as  to  say,  in  the 
simple  formula  for  the  velocity,  v  =  in  V  r  s,  that  m 
must  increase  with  v,  and  as  some  function  of  it. 
This  is  the  case  in  TABLE  VIII.,  throughout  which  the 
velocities  increase  faster  than  V  r,  the  V  s,  or  the 
V  r  s.  In  all  formulae  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,  Du  Buat's  and  Young's, 
the  velocity  found  is  constant  when  V  r  s  or  r  X  s  is 
constant.  In  Du  Buat's  formula  for  r  x  s  constant, 
v  obtains  maximum  values  between  r  =  I  inch  and 
r  =  1  inch ;  the  differences  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  x  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  $  inch, 
and  finding  the  corresponding  inclination  from  the 

A     n*    o 

formula  ,  which  is  equal  to  it.     For  example,  if 

o 

r  =  12  inches,  and  s  =  — ,  the  velocity  is  found 
equal  9'52  inches ;  but  when  r  s  is  constant,  the 

4  X  12" 

inclination   s   corresponding  to  r  =  f  inch  is  - 

3  x  10560 

-  ,  from  which,  is  found  from  the  table,  v  =  10'25 

DoQ 
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inches,  for  the  maximum  velocity,  making  a  difference 
of  fully  7  per  cent. 

When  r  =  *01  of  an  inch,  or  a  pipe  is  V-th  part  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  for  pipes  ^th  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  -Vth  part  of  an  inch  in  diameter. 

TABLE  VIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  -^th  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  3  feet  per  mile,  or  the  velocity  5 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  TABLE  that  the  velocities  are  those  which  continue 
unchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Buat's  experiments  were 
made  with  small  vertical  pipes.  This  TABLE  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  TABLE  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  (s]  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (r),  yet  the  sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6'2832r2,  the  area  of  a  semicircular 
channel,  to  any  extent  ;  and  the  operation  of  multi- 
plying the  area  by  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  TABLES 
of  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months  ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  established. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

COULOMB  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
a  v  +  6  c2  of  the  velocity  v,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form  ;  and  that 

(83.)  ht  =  (a  v  +  b  v2)   -, 

and  consequently, 
(84.)     rs  =  av+6t? 


GIRARD  first  gave  values  to  the  coefficients  a  and  b. 
He  assumed  them  equal,  and  each  equal  to  '0003104 
for  measures  in  metres,  and  thence  the  velocity  in 
canals, 
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(85.)        v  =  (3221-016  r  s  +  -25)*  -  '5  ;  * 

which  reduced  for  measures  in  English  feet  becomes 

(v  =  (10667'_8_r  s  +  2*67)*  -  T64,  or 
t  v  =  103  V  r  «  —  1*64,  nearly. 

The  value  of  a  =  b  =  '0003104  was  obtained  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formula?  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants ;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

PEONY  found  from  thirty  experiments  on  canals, 
that  a  =  -000044450  and  6  =  '000309314, f  for  mea- 
sures in  metres,  from  which 

(87.)         v  =  (3232-96  r  s  +  -00516)4  -  '0719  ; 
this  reduced  for  measures  in  English  feet  is, 

J  v  =  (10607M32  r  s  +  '0556)^  -  '236;  or 
''  I    (v  =  103  \Tr  s  -  -24  nearly  : 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  found,!  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  See  Browster's  Encyclopedia,  Article  Hy<lro<lyii:unios,  p. 

t  Kocherches    Physico-Mathdinatiques    sur  la    ThSorie    tics    Kaux 

IltCS. 

*  Kecherches  Physico-Matlieinatiiiucs  sur  la  Thdorie  du  Mouvement 
des  Eaux  Courantes,  1804. 
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TABLE  of  the  fifty-one  Experiments  referred  to  in  Equation  (89),  the 
value  of  g  in  the  sixth  being  taken  at  9  '8088  -metres. 

It  will  be  perceived  that  Prony  did  not  take  into  calculation,  in  framing  his 
formula,  the  head  due  to  the  velocity  in  the  pipe  and  to  the  orifice  of  entry. 
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4,000  feet  long,  that  a  -  "00001733,  and  b  =  '0.003483, 
from  which  values 

(89.)     v  -  (2871-09  rs  +  '0006192)"  -  '0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

(v  =  (9419'75_r  s  +  -00665)*  -  '0816 ;  or 
U  (  v  =  97  V  r  s  -  '08  nearly. 

Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.  It  is  derived  from  fifty-one  selected 
experiments  with  pipes,  and  thirty-one  with  open 
channels  : 

(91.)     v  =  (3041-47  r  s  +  '0022065)4  -  '0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

v  =  (9978-76  r  s  +  -02375)*  -  '15412  ;  or 

v  =  100  V  r  s  —  '15  nearly. 
EYTELWEIN,  following  the  method  of  investigation 
pursued  previously    by   Prony,   found  from   a   large 
number  of   experiments,  a  =  '0000242651,  and  b  = 
'000365543  in  rivers,  for  measures  in  metres ;   and, 
therefore, 

(93.)        v  -  (2735-66  r  s  +  -001102)*  -  '0332. t 
This  reduced  for  measures  in  English  feet,  is 

*  Recherches  Physico-Mathematiques  sur  la  Throne  <1 
rantes.     A  reduction  of  this  formula  into   English   feet  is  given  ;it 
page  6,  Article  Hydrodynamics,  Encyclopedia  Britannic* ;  at  page  164, 
Third  Report,  British  Association,  by   Itennie,   and  at  pages  4-J7  and 
533,  Article  Hydrodynamics,  ISrcwste.r's  Encyclopedia.    This  rcdr 

v~  — 0-1541  +  ('02375  +  32806-6  r  sfi  is  entirely  incorrect  ;  and 
being  the  same  in  each  of  those  works,  appears  to  have  been  copied 
one  from  the  oilier. 

t  Mthuoires  de  1'Acadt'mie  de  Berlin,  1S14  et  1815.  See  equation 
(110). 
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Iv  =  (8975'43   r  s  +   '0118858)*  -  '1089  ;    or 
f    (94.)  -10  —  94"5  V7T  ~  '11  nearly,  or 

\v  =-  \/l'7/r-  '11  =  1-3  V/r  -  '11 

when  /  is  the  fall  in  feet  per  mile.  He  also  shows,* 
that  4-rtns  °f  a  mean  proportional  between  the  fall  in 
two  English  miles  and  the  hydraulic  mean  depth,  gives 
the  mean  velocity  very  nearly.  This  rule  for  measures 
in  inches  is  equivalent  to 
(95.)  v  =  324  V77] 

and  for  measures  in  feet 
1  (96.)  v  =  93-4  V7Z 

For  the  velocity  of  water  in  pipes  he  found,  t  from 
the  fifty-one  experiments  of  Du  Buat,  Bossut,  and 
Couplet,  that  a  =  '0000223,  and  b  =  '0002803,  from 
which  for  measures  in  metres, 

(97.)         v  =  (3567'29  r  s  +  -00157)*  -  '0397 ; 
which  reduced  for  measures  in  English  feet  becomes 

•(v  =  (11703-95  r  s  +  -01698)*  -  '1303;  or 

(98.)  ->  

I  ^t>  —  108  \/r  s  -  -13  nearly. 

Another  formula  given  by  Eytelwein  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 

*  Handbuch  der  Mechanik  und  der  Hydraulik,  Berlin,  1801. 
t  Memoires  de  1'Acad^mie  des  Sciences  de  Berlin,   1814  et  1815. 
Eytelwein's  formula  is  v  —  90 '8  V  r  s  for  Prussian  feet,  and  for  pipes 


=  6'42  =  46  ;   wlhe  changed 


afterwards  to  v  =  6-41  .         -—  -  =  47  9  .          .          _,.  The  Prus- 
\r       l  +  5id 

sian  foot  is  here  ecjual  to  T0297  English  feet. 
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nearly,  in  which  h  is  the  head,  I  the  length,  and  d 
the  diameter  of  the  pipe,  all  expressed  in  English 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  about  2^  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
former,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  different  forms  of  the  equations  will  arise  ; 
thus  —  if  for  s,  the  hydraulic  inclination,  we  substitute 

M* 

}  the  fall  m  in  feet  per  mile  is  then  used  in  place 


5280 

of  the  inclination  s  ;  so  that  equation  (94),  for  instance, 
would  become 

r  =  (1-7  m  r  +  '012)*  -  '11  =  (1'7  m  ?f  -  '11  nearly, 
in  which  v  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydraulic  mean 
depth  "  in  feet.  In  like  manner  equation  (98)  Avould 
become 

v  -  (2-2  m  r  +  -02)»  -  '13  =  (2'2  m  ?•)*  -  '13. 
The  first  of  these  reductions,  viz. : — 

v  =  (1-7  m  r  +  -0119)*  -  '109, 

is  given  in  a  book  of  tables  calculated  for  river 
channels  for  the  Commissioners  of  Public  Works, 
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Ireland,  the  original  equation  being  Eytelwein's,  and 
not  D'Aubuisson's,  who  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  1'3  foot  per  second. 
Again 

Mr.  Hawksley,   by   changing  the   form  of  an  old 
result,  gives  for  pipes  the  formula 

«    -  -  -77 


in  which  Z  is  the  length  in  yards,  H  the  head  in  inches, 
d  the  diameter  in  inches,  and  v  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  v,  d,  and 
H,  this  becomes 

v  =  48-045     —  ^ 


which  is  only  an  alteration  in  form  of  Eytelwein's  equa- 
tion, note  to  (93).  Eytelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

of       d~H.      \  i 

:8lrnp!  • 

which  is  the  simpler  of  the  two  ;  both,  however,  are 
but  particular  cases  of  the  general  equation  (74), 
and  only  suited  for  velocities  of  about  2^  feet  per 
second. 

DR.  THOMAS  YOUNG*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (83)  ;  calling  the 
diameter  of  a  pipe  d,  he  takes 

hf=  (a  v  +  b  c2)  —  , 
d 

*  Philosophical  Transactions  for  1808.  Young  also  translated  Eytel- 
wein's Handbuch. 
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and  the   whole   height   n  =  ht  -f  —  -  ,  expressed   in 

586 

inches,  which  corresponds  with  a  coefficient  of  '871, 
nearly,  for  the  orifice  of  entry.  He  found  from  some 
experiments  of  his  own,  those  collected  by  Du  Buat, 
and  some  of  Gerstner's,  that 

(100.)    a  =  -0000002 


and 


then  as  —  =  '00171,  the  value  of  the  velocity  becomes 

586 

H  d 


(102.)    v  =  [ 


bl+  -00171  d 

+  ( «i VU_ 

r  V  2  b  I  +  -00341  d7  j"       i 


2  6  J  +  -00341  d 
When  the  length  £  of  the  pipe  is  very  great  com- 
pared with  the  head  due  to  the  orifice  of  entrance  and 
velocity,  "00171  r8,  then 

(103.)  '"{if+ral'-As 

(   1 1      4b2  j       2  o 
or  by  substituting  for      its  value  s,  equal  the  sine  of 

L 

the  inclination, 

(104.)  *=  \SA  +  «L  )*.__£. 

16       462  j       '2b 

The  values  of  a  and  b  are  for  measures  in  inches. 
For  most  rivers  he  finds  for  French  inch  measures, 
v  =-  \/  20000  d  s,  in  which  d  must  be  taken  equal  4  r ; 
tliis  reduced  for  English  inches  is 
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(105.)  V  -  292  V  »  J 

which  again  reduced  for  feet  measures,  becomes 

(106.)  v  =  84-3  V^sl 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Buat's  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with  the  exception  of  Girard's.  The 
values  of  the  coefficients  a  and  b  vary  in  this  formula 
with  the  value  of  d  =  4  r ;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  n 
obtains  a  minimum  value  when  d  is  between  10  and 
11  inches;  and  b  when  the  diameter  is  between  i  and 
f-  of  an  inch.  Now,  it  appears  from  equation  (102), 

that  v  increases  with     /H"  nearly,   or,  which  is  the 
V    bl 

same  thing,  as  b  decreases,  there  must,  cceteris  paribus, 

be  a  maximum  value  of  v  for  a  given  value  of  — — 

I 

or  r  s,  when  d  is  between  ^  and  f  inch ;  but  as  - 

has  a  minimum  value  when  d  is  nearly  12  inches, 
the  maximum  value  of  v  referred  to  will  be  found 
between  values  of  d  from  f  inch  to  12  inches  ;  in 
fact,  when  d  =•  10  inches  nearly.  A  similar 
peculiarity  has  already  been  pointed  out  in  Du 
Buat's  general  theorem,  at  page  213.  It  icill  not  be 

•> 

necessary  to  take  out  the  values  of —  au<l          to  more 

26          4  lr 

tlian  one  place  of  decimals. 
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The  values  of  ^-  are  also  given  in  the  table,  and 
'2  o 

may  be  used  in  equation  (104)  for  finding  the  discharge 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  equation  (104),  becomes  for  inch  measures, 


•={< 


sd       j.  1.40  I* 


+  T49       -  1'22: 


•000034 
and  for  feet  measures,  also  substituting  4  r  for  d, 

/(106A->  "  = 


very  nearly.     For  a  pipe  '7  inch  in  diameter  would  be 
found  in  a  like  manner  for  feet  measures, 

(106B.)  v  =  118  (r  «)*  -  '5, 

which  is  only  suitable  for  very  high  velocities. 

SIR  JOHN  LESLIE  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -firths  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 
(107.)  v  =  100  V77) 

and  is  applicable  to  rivers  with  velocities  of  about  2^ 
feet  per  second. 

D'AUBUISSON,  from  an  examination  of  the  results 
obtained  by  Prony  and  Eytelwein,  assumes  t  for  mea- 

*  Natural  Philosophy,  p.  423. 
t  Traitd  d'Hydraulique,  p.  224. 
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sun  s  in  metres  that  n  ~  '0000189,  and  b  =  '0003425 
for  pipes,  substituting  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)     r  =  (2919-71  r  s  +  '00074)*  -  '027  ; 

which  reduced  for  measures  in  English  feet  becomes 

=  (9579        +  '00813)i  ~  '°902'  or 


\v  =  98  V  r  s  —  'I  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  —  '000024123 
and  b  =  "0003655,  for  measures  in  metres,  and  h* 

(110.)       v  =  (2735'98  r  s  +  -0011)^  -  '033; 
which  for  measures  in  English  feet  is 

(111  )      $*~  (8976'5  r  s  +  *012^  "  '109'  or 
f  (  K  =  94'5  V  r  s  —  "11  nearly. 

When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  a  —  0,  and 
b  —  -00035875 ;  these  values  give 
(112.)  v  -  V  2787'46  r  s, 

for  measures  in  metres,  and 
4    (113.)  r  =  95'6  \/7s  -  V  9145  77 

for  measures  in  English  feet.  Equations  (110)  and 
(111)  are  the  same  as  (93)  and  (94),  found  from  Eytel- 
wein's  values  of  a  and  b,  and  it  may  be  remarked  that 
D'Aubuisson's  equations  for  the  velocity  generally,  are 
simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  found  to  agree  best  with  tin- 
general  run  of  experiments  on  clrnr  straight  rivers  of 
uniform  section  are  a  =  '0000035,  and  I  =  -0001150 
for  measures  in  English  feet,  from  which  we  find 

<e=  (SC.'.i.Vi;  r  B  =  -00023)'  -  -0152,  or 
r  '  t  r  =  93  V~77  -  -02, 

*  Tntito  (l'IIyih-auli(]iu\  p.  133.     Sen  Equation  (03^. 
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which  for  an  average  velocity  of  !£  foot  per  second  will 
give  v  =  92'3  V  r  s  nearly,  and  for  larger  velocities 
•v  —  93*3  V  r  s  ;  for  smaller  velocities  than  1^  foot  per 
second,  the  coefficients  of  V  r  s  decrease  pretty  rapidly. 
This  formula  will  be  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

WEISBACH  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation  r  s  =  a  v  +  b  v2.  In 
Dr.  Young's  formula,  a  and  &  vary  with  r,  but  Weisbach 

assumes  that  hf=(a+  -=•  I  —  X   ~  ,  and    finds    from 
\         w  a       2  g 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 
Buat,  before  referred  to,  one  experiment  by  Guemard, 
and  eleven  by  himself,  all  with  pipes  varying  from  an 
inch  to  five  and  a  half  inches  in  diameter,  and  with 
velocities  varying  from  1^  inch  to  15  feet  per  second, 
that  a  =  "01439,  and  b  =  '0094711  for  measures  in 
metres  ;  hence  for  the  metrical  standard 

(115.)         k,  =  (-01489  +  •°09f11)  '  X  £. 
\  04       /  d       2  g 

This  reduced  for  the  mean  radius  r  is 


(116.)  h,  =  (-003597  +  x 

\  pi      /  r       2  g 


*  In  a  stream  (the  Muddock),  with  a  curved  channel,  jagged  and 
irregular  banks,  variable  depths  averaging  about  1  foot,  aquatic  plants 
growing  on  the  bed,  varying  velocity,  and  an  average  cross  section  of 
about  16  -50  feet,  the  flow  was  only  18  cubic  feet  per  second,  the  for- 
mula giving  35  cubic  feet.  In  such  cases  the  application  of  a  formula 
investigated  for  a  uniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Four  Courts,  Dublin,  founded  on 
such  mistaken  applications.  See  note,  p.  192. 

Q  2 
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from  which  for  measures  in  English  feet 
(117.)  *,  =  (-003597  + 

and  thence 

(118.)  rs  =  (-003597 

\  pa       /  A  g 

and  by  substituting  for  2  g,  its  value  64*403, 
(119.)  r  s  =  (-00005585  +  !~5j>U 

\  l&  I 

In  equation  (117),  ('003597  +  -  >04^887)  =  ct  is  the 

\  £*  / 

coefficient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  but  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
v  can  be  determined  by  finding  an  approximate  value, 
and  thence  taking  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  r2,  in  equation  (119),  for 
different  values  of  the  velocity  r. 
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TABLE  OF  THE  COEFFICIENTS  OF  FRICTION  IX  PIPES. 


£~ 

'iJj 
|.s 

Cf 

«f 
64-4 

64-4 
«f 

|T«      ^ 
Tji     u 

[3 

Velocity 
in  feet. 

f{ 

«f 

64-4 

64-4 
<V 

•* 
•*  « 

s 

•i 

•017109 

•0002664 

307807 

55-5 

2-4 

•006365 

•0000988 

10121-5 

100-5 

'2 

•018186 

•0002047 

4885-2 

69-9 

2-5 

•006309 

•0000979 

10214-5 

101-0 

•3 

•011427 

•0001774 

5636-9 

76-08 

2-6 

•006257 

•0000972 

10288-1 

101-4 

•4 

•010378 

•0001611 

6270-3 

78-8 

2-7 

•006207 

•0000964 

10373-4 

101-8 

•5 

•009662 

•0001500 

6666-6 

Sl'6 

2'8 

•006160 

•0000956 

10460-2 

102-2 

•6 

•009133 

•0001418 

7052-2 

84-0 

2-9 

•006115 

•0000949 

10537-4 

102-6 

•7 

•008723 

•0001S54 

7385-5 

85-9 

3- 

•006073 

•0000943 

10604-4 

102-9 

•8 

•008391 

•0001303 

7674-6 

87'6 

3'5 

•005890 

•0000914 

10940-9 

104-6 

•9 

•008117 

•0001260 

7936-5 

89-1 

4- 

•005741 

•0000891 

11223-3 

105-9 

1-0 

•007886 

•0001224 

8169-2 

90-4 

5- 

•005514 

•0000856 

11682-2 

108-0 

1-1 

•007686 

•0001193 

8382-2 

91-5 

6- 

•005348 

•0000830 

12048-2 

109  7 

1-2 

•007512 

•0001166 

8576'3 

92-6 

7- 

•005218 

•0000810 

12345-6 

111-1 

1-25 

•007433 

•0001154 

8665-5 

93-1 

8- 

•005113 

•0000794 

12632-2 

112-4 

1-3 

•007358 

•0001142 

8756-5 

93-5 

9- 

•005026 

•0000780 

12820-5 

113-3 

1-4 

•007221 

•0001121 

8920-6 

94-4 

10- 

•004953 

•0000769 

13003-9 

114-0 

1-5 

•007098 

•0001102 

9074-4 

95-2 

15- 

•004704 

•0000730 

13698-6 

117-0 

1-6 

•006987 

•0001085 

9216-5 

96-0 

16- 

•004669 

•0000725 

137931 

117-4 

17 

•006886 

•0001069 

9354-0 

967 

20- 

•004556 

•0000707 

14144-2 

118-9 

1-75 

•006839 

•0001062 

9416-2 

97-03 

25- 

•004455 

•0000691 

14471-7 

120-3 

18 

•006794 

•0001054 

9487-6 

97-4 

30- 

•004380 

•0000680 

14705-9 

121-2 

1-9 

•006715 

•0001042 

9596-9 

97-9 

35- 

•004322 

•0000671 

14903-1 

122-0 

2- 

•006628 

•0001029 

9718-2 

98-5 

40' 

•004275 

•0000664 

15060-2 

1227 

2-1 

•006556 

•0001018 

9823-2 

991 

45- 

•004236 

•0000658 

15197-5 

123-3 

2-2 

•006488 

•0001007 

9930-5 

99-6 

50- 

•004203 

•0000653 

15313-8 

123-7 

8-8 

•006424 

•0000997 

10003- 

100-     UOO- 

•004200 

•0000625 

16000-0 

126-4 

If  the  value  of 


64-4 


here  found,  be  substituted  in  the 


equation  v 


~  J 


64-4 
cf 


r  s,  we  shall  have  the  value  of 


i\  According  to  this  table  the  coefficient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81'6  to  118'9,  or  of  81'6  (r*)4  to  118'9 

(r  s)  .  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulae,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter,  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com- 
mon formulas  is  Weisbach's,  but  it  does  not  give  the 
velocity  r  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulae  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
would  give  practically  correct  results  for  lesser  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  found  from  experiment  to  the 
form  v  =  m  V  r  s  for  every  case,  and  afterwards  ap- 
plying a  correction  of  the  form  n  \/  r  s  to  meet  the 
increasing  value  of  m  as  v  increased,  the  following  ex- 
pression was  discovered : — 

(H9A)  v  =  140  (r*)4  -  11  (r*)* 

which  gives  results  not  differing  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Pit  Buat, 
Couplet,  Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  tlie 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  furnished  by 
Mr.  Hodson  of  Lincoln.  Numbers  34  and  35  were 
made  as  stated,  and  give  the  mean  results  of  several 
experiments  made  with  great  care;  the  coefficient  of 
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TABLE  showing  the  Experimental  Results  of  observed  Velocities  in  Water 
Channels,  with  the  Author's  general  formula  for  Pipes  and  Rivers  (119A)  mi. 

i>=140(rs)*-ll(rs)i* 


Heads 
°         in 
F  feet  (H). 

Lengths 
in  feet  (I). 

Values 
of  i: 

Values 
of  s. 

Values 
of  rs. 

Velocities 
from 
experiment. 

Velocities 
from  the 
formula. 

Velocities 
expressed  in 
the  form  u=. 

m  Vr  s. 

ixperimen- 
,er's  Names. 

1        -08333 

1086- 

•052083 

•000076 

•00000396 

•100 

•105 

52-6A/r7 

Hr.  Leslie 

2       -01332 

65-37 

•022204 

•000196 

•00000434 

•140 

•113 

54-0    „ 

Couplet 

••i        -14583 

1086- 

•052083 

•000133 

•00000693 

•118 

•157 

60-0    „ 

tfr.  Leslie 

4       -49586 

7482- 

•111000 

•000066 

•00000134 

•178 

•167 

61-5    „ 

Couplet 

5        -20833 

1086- 

•052083 

•000190 

•00000989 

•217 

•206 

65-0    „ 

Hr.  Leslie 

6       -45833 

1086- 

•052083 

•000417 

•00002170 

•361 

•345 

74-1     „ 

7     1-48768 

7482- 

•111000 

•000198 

•00002220 

•366 

•348 

74-1    „ 

Couplet 

8     1-44800 

1086- 

•052083 

•001321 

•0000688 

715 

•711 

857    ,, 

Mr.  Leslie 

9     2-78125 

1086- 

•052083 

•002538 

•000132-2 

1'085 

1-050 

91-3    „ 

10         ,, 

2-427200 

•000063 

•0001532 

1-166 

1-143 

92-4    „ 

Watt 

11        -50000 

100- 

•031250 

•004741 

•0001482 

1-023 

1-122 

92-2    , 

tfr.  Provis 

12     2-78125 

1086- 

•052083 

•004348 

•0002265 

1'461 

1-438 

95-5    , 

Mr.  Leslie 

13     4-76042 

1086- 

•052083 

•006410 

•0003340 

1725 

1-796 

98-3    , 

; 

14  i     1-06580 

127-9 

•044630 

•007748 

•0003458 

1-839 

1-840 

98-9    , 

3ossut 

15       -50000 

40- 

•031250 

•010810 

•0003378 

1-711 

1-816 

987    , 

tfr.  Provis 

16|     1-065SO 

95-92 

•044630 

•010050 

•0004485 

2-111 

2124 

100-3    , 

Bossut 

IT      ]•:, 

100- 

•031250 

•014156 

•0004422 

2-005 

2-103 

100-6    , 

tfr.  Provis 

18     9-9896 

1086- 

•052083 

•009174 

•0004779 

2-095 

2-185 

100-6    , 

tfr.  Leslie 

19        -8575 

40- 

•031250 

•018042 

•0005638 

2-380 

2-414 

1017    , 

tfr.  Provis 

20      21316 

191-9 

•044630 

•010548 

•0004708 

2-463 

2183 

100-6 

Bossut 

21      2-1316 

159-9 

•044630 

•012524 

•0005589 

2-440 

2-404 

1017 

22         „ 

•052083 

•014286 

•0007440 

2-800 

2-823 

103-5 

tfr.  Leslie 

23      2-1316 

127-9 

•M46SO 

•015350 

•0006851 

2744 

2-696 

103-0 

Bossut 

24          „ 

•044630 

•027921 

•0012465 

3-819 

3-760 

106-5 

25         ,, 

•052083 

•025000 

•0013021 

3783 

3-852 

1067 

Mr.  Leslie 

26     3-27416 

40" 

•031250 

•018040 

•002093 

5-054 

5-006 

109-3 

Mr.  Provis 

27     2-3684 

10-39155 

•022204 

•133689 

•0029679 

6-322 

6-048 

lll'O 

Du  Buat 

•28      3-27416 

20- 

•031250 

•111200 

•0034750 

6-723 

6-572 

111-5 

Mr.  Provis 

29      3-4525 

20- 

•031250 

•113900 

•0035594 

7-086 

6-668 

111-9 

30      7-135 

62-88->2 

•029605 

•098861 

•0029268 

6-157 

5-999 

110-9 

Couplet 

81    14-270 

1257644 

•029605 

•106151 

•0031426 

6-151 

6-239 

111-3 

)( 

32    21-405 

188-6466 

•029605 

•108579 

•00321455 

6145 

6-316 

111-4 

33     3-1974 

10-39155 

•022204 

•176991 

•0039292 

7-544 

7-039 

112-3 

Du  Buat 

34    11-125 

9-292 

•021250 

•713000 

•01515125 

14-583 

14-513 

117-9 

Mr.  Neville 

35    20-8 

19-2 

•021250 

•S14000 

•01729750 

15-667 

15-617 

118-4 

:-;i!  i:,(]- 

100- 

•020833 

1-400000 

•0291667 

21-7 

20-6 

120-3V™ 

Mr.  Hodson 

*  The  form  in  which  this  formula  was  first  found  was  as  follows  : — 
10-6 

x   V  r  s.     For  measures  in  metres  it  becomes 


v  =   ]  140  —  f     Jk 
(  v  s) 

77-3  (/-sf  —  4'9(r 
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the  orifice  of  entry  was  found  to  be  '860.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  with  the  same  apparatus,  sometimes  differ  by 
three  or  four  per  cent.,  as  may  be  seen  by  referring  to 
Mr.  Provis'  experiments  (Transactions  of  the  Institu- 
tion of  Civil  Engineers,  vol.  11.,  p.  203),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent. 
The  difference  in  the  velocities  found  from  the  experi- 
ments, do  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cylindrical  pipes  of 
diameter  d  may  be  thus  expressed, 

(119 B  )         f  *  =  70  (d  «)*  -  6-93  (d  «)*,  or 
10  =  70  (d  s)$  -7  (d  *)*  nearly. 
The  expression  fails  when  70  (d  s)-  is  equal  to  or 

less  than  6*93  (d  g)*,  but  as  this  only  happens  Avhen 

(11  \6 
.  1  —  '000000235,  and  for  velocities  below  one 
1407 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buut  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  in  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  experi- 
ments from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  v  =  60  (r  *)*  +  120  (r  *)*, 

*  The  coefficient  for  the  orifice  of  entry  was  found  by  cutting  oil'  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  exprn- 
•n</nts  and  finding  the  time  of  emptying.  Vide  p.  172. 
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and  will  give  results  approximating  very  closely  to 
those  found  from  Du  Buat's  formula,  and,  therefore, 
with  those  experiments  with  which  it  most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  different  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coincides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  t?  =  100  (ra)*  +  60  (rsf  -  5'5  (r«)*, 
an  expression  which,  however,  wants  simplicity  for 
ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  "hydraulic  inclination"  (s). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  "815,  which  gives 

& 

1*508    —  for  the  height  due  to  the  joint  effects  of 

2  9 

velocity  and  orifice.  This  must  be  deducted  from  the 
head  (H)  before  dividing  it  by  the  length  (I)  to  find  the 
inclination  (s)  in  our  table. 

The   following   table,  calculated   from  the  formula 

(119  A),  v  =  140  (r*)*  —  11  (**•)  *i  gives  the  corres- 
ponding values  of  r  s  and  v,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
if  r  s  =  '03125,  then  we  shall  have 
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T AT!  LE  for  finding  the  Velocity  in  feet  per  second,  from  the  product  of 
Ilic  hydra  it  Hi:  main  ilsptlis  and  hydraulic  inclinations,  and  the  reverse 

calculated  from  the  Author's  formula  v  =  140  (rs)'  —  11   (rs)*,  in 
which  r,  s,  and  v  are  feet  measures. 


Values  of 
r  s. 

Velo- 
city v. 

Values  of 
rs. 

Velo- 
city r. 

Values  of 
rs. 

Velo- 
city v. 

Values  of 
v  *. 

Velo- 
city v. 

•00000296 

•083 

•0001302 

1-04 

•000689 

2-70 

•003550 

0-67 

•0000033-2 

•o'H 

•0001322 

1-05 

•000710 

2-75 

0-71 

•00000395 

•104 

•0001420 

1-09 

2-83 

•003630 

0-74 

•00000427 

•111 

•0001482 

1-12 

•000758 

2-85 

•00000543 

•133 

•0001532 

1-14 

7-04 

•00000592 

•142 

•0001578 

1-16     1 

•000805 

2-94 

•OOOIMMi'.lO 

•158 

•0001610 

1-17  ; 

•000833 

3-00 

•00000734 

•167 

•0001657 

1-19 

•000852 

3-04 

•004104 

-•L'll 

•00000947 

•198 

•0001736 

I'Sl 

•000900 

•004167 

"•27 

'  M'!>S!I 

•206 

•0001776 

T24 

•000947 

-44 

•00001184 

•231 

•0001815 

1-80 

•001042 

3-40 

-62 

•00001263 

•241 

•0001894 

1  30 

•001105 

8-51 

769 

•00001420 

•261 

•0002052 

1-86 

•001136 

3-57 

•1)04735 

778 

•00001578 

•280 

•0002131 

1-38 

•001231 

373 

•005556 

•00001677 

•292 

•0002265 

1-43 

•001246 

•006944 

9-01 

•00001894 

•316 

•0002367 

1-47 

10-0 

•00001973 

•325 

•0002552 

1-50 

•00002170 

•345 

•0002604 

1'55 

111 

•00002367 

•365 

1-57 

•001420 

•1-04 

010417 

11-S 

•00002565 

•385 

1-61 

•001615 

418 

127 

•00002841 

•411 

•0003841 

1-63 

4-28 

•00003255 

•0003030 

1'69 

•001610 

4  •::•_' 

i  \  •:, 

•457 

•0003157 

1-73 

•001667 

4-41 

•00003551 

•473 

•0003220 

175 

•001705 

4-40 

l.Vfi 

•00003748 

•489 

•0003314 

1-79 

•001735 

4-51 

17'1 

•505 

•0003378 

1-80 

•001799 

•027778 

•00004143 

•521 

•0003409 

1-81 

•001894 

4-7:: 

20-6 

•00004340 

•536 

•0003551 

1-85 

•001989 

24-7 

•00004632 

•558 

•0008080 

1-89 

•002052 

•00005130 

•594 

•0003706 

1'90 

•002083 

•062500 

30'6 

•608 

•0003788 

I'M 

•072910 

•622 

•0003946 

1'98 

•002178 

5-10 

•088388 

•648 

•0004022 

110 

•002210 

614 

40'0 

•00006314 

•1174 

•0004103 

2-02 

•iro 

•699 

.  -0004261 

2'06 

•002375 

5-35 

47-6 

•0000688 

•711 

•0004419 

2-10 

Sll 

•00007102 

•724 

•0004485 

818 

5-53 

57'3 

•760 

•0004546 

2-14 

5-68 

•781 

•0004708 

2-18 

•002088 

•250000 

•808 

•0(H  I473") 

2'18 

•002841 

•828 

•0004898 

a  -88 

•002968 

6-05 

707 

•O0iii>!i270 

•849 

•0005051 

2  '27 

•861 

•0006208 

2-31 

0-11 

•903 
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777 

•00010064 

•923 

•0005088 

•-"•11 

•008157 

80-0 

•00011048 

•945 

•003214 

•MO 

•0006155 

8*64 

•983 

2-57 

86-2 

1-00 

2-60 

•008400 

1-02 

•0006629 

•003475 

6'58 

•500000 

'JO  '2 
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0  =  20-6      when      r  s  =  '029167 
v  =  24-7      when      r  s  =  '041666 


Difference    4*1  corresponds   to  '012499 
•03125 
•02917 


Difference  '00208 

Whence  '0125  :  4'1  :  :  '00208  :  '7  nearly,  and  20'6 
+  7  =  21*3  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  EXAMPLE  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  s  in.  the  table  next  less  than  the 
given  value  with  sufficient  accuracy.  In  this  case,  this 
velocity  is  20'6  feet  per  second  —  247  inches  nearly. 
If  the  orifice  of  entry  be  square,  the  coefficient  is  '815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is, 
TABLE  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  s,  as  well  as  the  head  H,  and  the  length  of  the 
pipe  I,  at  first 

H  ,.        H  —  10       h 

-  =  s,  and,  therefore, —       :  —  •=.  s. 

V  V  L 

In  EXAMPLE  26,  p.  24,  H  =  150,  and  I  =  100  feet, 
therefore,  the  new  value  of  -  =  — —  is  1*4  ;  and  as  r 

L          JLUU 

must  be  equal  '020833,  r  s  =  '02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20*6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  v  for  the  next 
less  value  of  r  s  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  value  of  r  s  from 
that  of  v  by  taking  it  as  the  next  greater.  If  r  s 
—  '0008523,  the  table  would  give  v  =  3 '04  feet,  the 
same  practically  as  already  found  in  EXAMPLE  27, 
p.  25. 

The  value  of  r  s,  when  known,  determines  and  fixes 
the  value  of  v.  If  r  be  assumed  of  any  convenient 
dimensions,  s  is  then  determined ;  and,  in  like  manner, 
any  suitable  value  of  s  determines  r  ;  thus  : 

r  s  .  r  s 

-  =  s,  and  —  =  r. 
r  s 

It  is  well  to  remark,  here  again,  that  for  pipes  t he- 
value  of  r  is  the  fourth  part  of  the  diameter  d,  and 
that 

r  =  -7,  and  4  r  =  d. 

M.  DARCYUI  1857,  inspecteur  des  ponts  et  chaussees, 
published  his  "Recherches  experimentales  relatives  au 
Mouvement  de  1'Eau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
•03  to  5  or  6  metres  per  second,  or  from  1^-  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  |  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 

(a.)  R  J  =  bi  u2, 

in  which  R  is  the  radius  of  the  pipe,  J  the  hydraulic 
inclination,  bi  a  variable  coefficient  dependent  on  tile- 
circumstances,  and  u  the  velocity  per  second.  For 
wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

*  Memoires  pre'sentSs  par  divers  savants  ;\  1'Acade'mic  des  Sci< ; 
de  1'Institut  imperial  de  France,  tome  XV.,  Paris,  1858. 
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the  value  of  li  is    expressed    by  M.  Darcy,  by  the 
equation 

(6.)  *1  =  -  000507  +-52~ 

B 

the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


Diameters 
in  English 
inches. 

Diameters 
in  metres. 

Value  of  &! 
from  ex- 
periments. 

Value  of  &! 
by  the 
formula. 

Remarks. 

•5 

•0122 

•001673 

•001568 

1- 

•0266 

•000918 

•000993 

1-5 

•0395 

•000785 

•000835 

3-2 

•0819 

•000695 

•000665 

5-4 
7-4 

•1370 

•1880 

•000553 
•000584 

•000601 
•000576 

"Well  polished  bore. 

117 

19-7 

•2970 
•5000 

•000612 
•000509 

•000551  j 
•000532 

Pipe  already  in  use, 
but  the  bore  cleaned. 

For  iron  coated  with  bitumen,  the  value  of  ^  in  a 
pipe  '196  metres  in  diameter  was  '0004334;  for  a 
newly  cast  pipe  of  '188  metres,  bi  was  '000584 ;  and 
for  a  pipe  '2432  metres  in  diameter,  6j  was  '001168  ; 
the  relative  proportions  of  &j  in  these  three  instances, 
being  as 

I'l  to  1-5  and  to  3  ; 

and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

•95  to  '82  and  to  '58. 

By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions (a)  and  (&), 


r  s 


0002535  + 


•0000016175  ) 
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which  for  feet  measures  becomes  (as  1  metre  =  3*281 
feet) 

(                      3-281  x  -0000016175  ) 
rs=\  -0002535  +  -    —  t  x 

hence 

r_s^ 

v*  =  -00007726  + 

/ 

and,  therefore, 

{V       *J  V  J 

•00007726  +  -000001^  [.". 
r         ) 
For  all  half-inch  pipes  this  becomes 


: 
for  all  inch  pipes, 


for  all  two-inch  pipes, 

i  =  92'8x/ 


for  all  four-inch  pipes, 


for  all  six-inch  pipes, 


-000022 
for  all  nine-inch  pipes, 


=  105-3 


for  all  twelve-inch  pipes, 


v  —  \  -  —  -  I  2  _  iOQ-3  \X~Ts-  • 
I  -00008374  j 
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for  all  eighteen-inch  pipes, 

*=  {-0000^58  } 
for  all  twenty  -four  inch  pipes, 

* 


-0000805 

and  when  r  is   large,  as   for  very  large   pipes   and 
channels,  the  velocity 

v={  -00007726  }*  =  US*  VT1 
is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  fixed 
multiple  of  Ws,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  be.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80'3.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  15  feet  per  second,  the  multiplier  to  be  117 
or  118  ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson's  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy's  formula  is  113'8, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  13  inches  per  second,  the  multiplier 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 
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range  of  velocities,  in  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstruction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  b^  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment,  No.  43,  p.  217,  reduced 
to  feet,  gives  r  =  '3997  feet,  s  =  '0035,  r  s= '001339, 
and  the  observed  velocity  v  =  3'478  feet  =  95  V  r  8 
nearly.     Darcy's  formula  would  give  v  =  110'8  V  r  s, 
the  author's  formula  106  V  r  s  nearly,  and  Weisbach's 
105  V  r  s  nearly.     The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  cent,  might  be  made 
for  the  state  of  the  bore.     Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  231. 

2.  From  Du  Buat's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment  50,  r  =  '0222,  s  =  '228  and  v 

-  6'33  feet  =  89'2  V  r  «;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  '815,  *  =  *147 
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and  v  =  6'33  feet  =  111'4  V  r  s.  In  experiment  51, 
in  feetr  =  '0222,  s  =  '3074,  and  v  —  7'54  =  92  Vr7; 
or,  by  making  allowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  s  =  '179,  and 
v  =  7*54  feet  —  119'7  V  r  s.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  s,  affects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant. M.  Darcy's  formula,  in  each  case,  would  only 
make  v  =  80'2  •  r  s. 

3.  In  the  excerpt  proceedings  of  the  Institution  of 
Civil  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
"  Colinton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 
feet  per  minute  :  these  givev  =  6'816feet  =  99*2  \/  rs 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
184  feet,  and  a  discharge  of  440  cubic  feet  per  minute  : 
these  give  v  —  5'252  feet  =  96'3  V  r  s.  And  thirdly, 
a  length  of  3,815  feet  ahead  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 
14*5  feet  =  115  V  r  s  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.  Yet  it  is  seen,  clearly,  that  the  inclination 
affects  the  multiplier  of  V  r  s,  which  increases  with 
the  inclination,  s,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  all 
inclinations,  viz.  v  =  110  V  r  s.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
all  experimental  observations,  these  results,  as  well  as 
those  from  Du  Buat's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119A),  page  230, 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 

Dr.  Young's  formula,  page  222,  bears  a  resemblance 
to  that  of  M.  Darcy,  in  making  the  multiplier  of  v  r  a 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  the  experiments 
at  his  command,  the  value  of  c  in  v  =  c  V  r  s,  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  larger  diameters.  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity  ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effect,  as  well  as  that  of  all  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS    DUE    TO   THE    ORIFICE    OF   ENTRY. — 
THREE    PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 

f SL 

v  = 


(1\2 
-  I  ,cr  being  the  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  cv  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 
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If  the  tube  project  into  the  reservoir,  and  be  of  small 
thickness,  cv  will  be  equal  '715  nearly,  and  therefore 
CT  —  '956 ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  cv  will  be  '814,  and  therefore  cr  =  '508 ; 
and  if  the  junction  be  rounded  in  the  form  of  the  con- 
tracted vein,  cv  is  equal  to  unity  very  nearly,  and  cr 
=  0.  For  other  forms  of  junction  the  coefficients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths ;  but  in  very  long  tubes 

1   +   cr  becomes  very  small  compared  with  cf    x   -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formuhe,  as  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  unnecessary  to  give  any  formulae  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  from 
the  area  of  the  section  is  one  of  simple  mensuration  ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  portion  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plex, though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.  The  three  problems  are  as  follows  : — 

I.  Given  the  fall,  length,  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis- 
charge. 

R  2 
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Here  all  that  is  necessary  is  to  find  the  mean 
velocity  of  discharge,  which,  multiplied  by  the  area 
of  the  section  (equal  d?  X  "785-1  in  a  cylindrical  pipe), 
gives  the  discharge  sought.  TABLE  VIII.  gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  he  found  from  equation  (119A)  by  calcu- 
lation. TABLE  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  different  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  TABLE 
VIIL,  or  formula  (119A).  See  also  TABLES  XI.  and 

XII.       FOR  A  PIPE  6  INCHES  IN  DIAMETER,  THE  VELOCITY 
PER  SECOND    IS  PRACTICALLY  EQUAL    TO  THE    DISCHARGE 

IN  CUBIC  FEET  PER  MINUTE.     See  also  the  tables  at 
pp.  28,  29,  270,  and  271. 

II.  Given    the  discharge   and    cross  section   of   a 
channel,  to  find  the  fall  or  hydraulic  inclination. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  found  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second ;  then  in  TABLE  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119A),  and  the  table  for  the  values  of  r  s 
and  r,  p.  234,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Given  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydraulic  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  ra,  and  find  the  discharge  Da 
by  Problem  I.  Then  for  cylindrical  pipes 

«  5  1  D 

ra  .  ,-a :  :  Da :  D  :  :  1  :    -  ; 

and  as  ra,  D,  and  Da,  are  known,  r*  becomes  also  known, 
and  thence  r.  TABLE  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  ra  =  1  and  Da  was  found 
15,  D  being  33,  then 

5  33  5 

!:»*::  1  :  -  :  :  1  :  2'2,  therefore  r*  =  2'2 ; 

15 

and  thence  by  TABLE  XIII.,  r  —  1'37,  the  mean 
radius  required,  four  times  which  or  5:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantity  thus 
found  must  be  the  hydraulic  mean  depth ;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the  fall,  length, 
and  hydraulic  mean  depth  are  constant.  IF  ra  BE  AS- 
SUMED EQUAL  TO  lj  INCH,  THE  VELOCITY  FOUND  FROM 

TABLE  VIII.  WILL  THEN  BE  THE  DISCHARGE  IN  CUBIC 
FEET  PER  MINUTE  NEARLY,  and  this  " mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion. See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  will  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  sa,  and  find  the  corresponding 
discharge,  Da,  by  Problem  I.,  or  from  TABLES  XI.  and 
XII. ;  then,  if  the  like  side  of  the  required  channel, 
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be  s,  there  results  the  equation  s  =  sa  (  —  )5,  and  thence 

Wa/ 

the  numerical  value  from  TABLE  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
fonnulse  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
dimmish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coefficient  of  friction,  ct,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formula?.  Some 
engineers,  increase  the  quantity  of  water  l>y  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.  The  discharge 

increases  in  similar  figures,  nearly  as  r1  or  as  <l-,  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  allowed  increase  in  the  discharge  can  be  easily 
found  by  means  of  TABLE  XIII.,  as  shown  above.  If 
the  dimensions  be  increased  by  one -sixth,  the  discharge 
will  be  increased  by  one-half  nearly ;  and  by  doubling 
the  dimensions  the  discharge  is  increased  in  the  pro- 
portion of  5 f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
•  lischarge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  known  is  found  from  TABLE  II. ;  this 
subtracted  from  the  whole  head,  ir,  leaves  the  head,  hf, 
<lne  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  TABLE  VIII.  If  the  velocity  be  not 
given,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entry, 
when  deducted,  as  before,  will  give  a  close  value  of  h{, 
from  which  the  velocity  may  be  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  ht  will  be 
sufficient,  unless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  EXAMPLE  VIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables, 
SECTION  I.,  may  be  usefully  referred  to. 

TABLES  XI.,  XII.,  and  XIII.  assist  to  solve  with 
considerable  facility  all  questions  connected  with  dis- 
charge, dimensions  of  channel,  and  the  ordinary  surface 
inclinations  of  rivers.  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
TABLES  XI.  or  XII.,  will  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Eivers  have  seldom  greater  falls  than  those  given  in 
TABLE  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fall  by  4,  then  twice  the  corresponding  discharge 
will  be  that  required.  TABLE  XIII.  gives  the  com- 
parative discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  will  be  perceived  from 
it,  that  an  increase  of  one -third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  EXAMPLE  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 
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The  mean  widths  in  TABLES  XI.  and  XII.  arc 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  1£  to  1.  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1£  to  1. 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  £  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"  HOW  MUCH  ?  "  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(31),  the  differences  for  any  practical  pin-poses  may  be- 
immaterial.  This  is  particularly  so  in  the  case  of 
channels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  -  (2  X  5)  =  40  for -the  bottom,  and  50  + 
(2x5)  =  60  for  the  top  width. 

Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  1£  to  1,  than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
i'n>m  the  half  square,  equal  to  it  in  depth  and  area, 
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than  if  the  bottom  in  each  was  equally  increased,  yet 
even  here  it  is  easy  to  show  that  this  maximum  differ- 
ence is  only  5£  per  cent.  If  the  hottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4|  per  cent. ;  when 
equal  to  twice  the  depth,  3*8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent. ;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2'2,  1*8,  1'5,  and  0*8  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  TABLES  XI.  and  XII.  will 
be  found  equally  applicable  to  all  side  slopes  from  0 
to  1  up  to  2  to  1,  by  taking  the  mean  widths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions;  indeed  the  necessary 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formulae 
for  finding  the  discharge  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies.*  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  regimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  would 
continue  pretty  uniform  under  all  circumstances. 

*  The  coefficient  ra  in  the  formula  v  =  in  (r  sy  in  rivers  for  veloci- 
ties from  3  inches  to  3  feet  per  second,  varies  from  about  72  to  103  ; 
yet,  strange  to  say,  most  tables  are  calculated  from  one  coefficient 

alone;  or,  rather,  from  a  formula  equivalent  to  94'17(rs)  ,  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
channels  calculated  by  means  of  this  formula  are  too  small  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  and  231. 
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The  quantities  in  TABLE  XII.  are  calculated,  from 
the  velocities  found  from  TABLE  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  different  depths,  the 
equivalents  to  which  are  given  in  TABLE  XI.  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  he  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
TABLE  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  TABLE  XII.  by  32 ;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
32.  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  in  TAELE  XIII.,  divide  by  32, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  TABLE  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  multiply  the  discharge  by  32,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
4  and  32  may  be  found  from  TABLE  XIII.,  such  as  3 
and  15-6,  6  and  88'2,  7  and  130,  9  and  243,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  213,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.  The  TABLES,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  TABLE  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  TABLE  XII.  also  shows  that 
a  small  increase  in  the  depth  alone  adds  very  much  to 
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the  discharge.     If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  — ,  then  it  is  easy  to 

n 

prove  that  the  corresponding  increase  in  the  velocity, 

O       yv 

v,  will  be  — ;   and  that  in  the  discharge   D,  - — ,  if 
2  n  2  n 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  differences  in  practice 
will  be  found  greater  than  these  expressions  make  it. 
As  in  a  large  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectional  area  ;  yet  this  increase  of  fall  would  double 
the  discharge,  and  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  main  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 

BEST  FORMS  OF  THE  CHANNEL. REGIMEN. VELOCITY. 

EQUALLY  DISCHARGING  CHANNELS. 

THE  determination  of  the  hydraulic  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curvilineal  and  trapezoidal  shape. 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.  This  is  a 
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semicircle  having  the  diameter  for  the  surface  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  33,  are 
better  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  number  of 
sides.  Of  all  rectangular  channels,  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section  ; 
and  in  Diagram  3,  A  c  D  BJ  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  D,  Diagram  3,  is  given,  and  the  slope 

A     Q 

-  =  n,  then,  in  order  that  the  discharge  may  be  the 
c  a 


greatest  possible, 

c  a  =   -• 


2  (n2  +  1)«  -?i 


and 


c  D  =  —  —  71  x  c  a 
c  a 


in  which  A  is  the  given  area  of  the  channel.  As,  however, 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  inadr 
so  for  any  improvements,  it  is  not  necessaiy  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
<£  be  put  for  the  inclination  of  the  slope  A  c,  equal  angle 

c  A  a;  then  as  cot.  $  =  n,  and   \/w2  -f  l  =  - 
the  foregoing  equations  become 


sin. 
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(120.)      c  a  = 


2  -  cos.  <£)          2{(«2  +  l)l_n}; 
and 

(121.)  c  D  =  —  —  c  a  x  cot.  <£,* 

c  a 

which  will  give  the  best  dimensions  for  the  channel 
when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discharge  from  a  channel  of  a  given  area, 
with  given  side  slopes,  is  a  maximum,  it  is  easy  to 
prove  that  THE  HYDRAULIC  MEAN  DEPTH  MUST  BE  HALF 

OF    THE    CENTRAL    OR   GREATEST    DEPTH.        This    simple 

principle  gives  the  construction  of  the  best  form  of 
channel  with  great  facility.  Describe  any  circle  on  the 
draiv  ing  -board  ;  draw  the  diameter  and  produce  it  on 
both  sides,  outside  the  circle  ;  draw  a  tangent  to  the 
lower  circumference  parallel  to  this  diameter,  and  draw 
the  side  slopes  at  the  given  inclinations,  touching  the 
circumference  also  on  each  side  and  terminating  on  the 
parallel  lines:  the  trapezoid  thus  formed  will  be  the 
best  form  of  channel,  and  the  width  at  the  surface  will 
be  equal  to  the  sum  of  the  two  side  slopes.  It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  discharging  form  of 
channel,  which  in  practice  will  have  the  mean  width, 
about  double  the  depth  ;  an  equally  discharging  section 
of  double  the  width  of  the  first  will  have  the  contents 

*  When  c  D  =  o.  The  channel  is  triangular  ;  and  A  =  c  a3  x  cot.  <f> 
and  ca=  (  -±—  \*. 

\COt.    <D/ 
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one-eleventh  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1*85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  from  1*67  to  1  nearly.  The  greater  expanse 
of  the  excavation  at  greater  depths  will,  in  general, 
more  than  counterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  banks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowing  full.  The  best  form  of  an  open  channel 
is  particularly  suited  for  new  cuts  in  flat,  marsh, 
callow,  and  fen  lands,  in  whicJt  it  is  also  often  advis- 
able to  cut  them  with  a  level  bed,  up  from  the  dis- 
charging point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  from  one  to 
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thirty,  and  occasionally  in  the  same  channel  from  one 
to  seventy-five, — the  proportion  of  the  water  section 
to  the  channel  itself  must  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  other, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  such  circumstances.  If  the  object  be  to  con- 
struct a  mill-race,  temporary  drain  for  unwatering  a 
river,  or  other  small  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  3,  Fig.  33,  will  be,  perhaps,  the 
best,  if  the  tenacit}'  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  be  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  "  the 
regimen,'"  that  the  banks  and  bed  shall  not  vary  from 
time  to  time  to  any  injurious  extent,  and  that  any 
deposits  made  during  their  summer  state,  and  during 
light  freshes,  shall  be  carried  off  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
effects  of  the  water  on  the  banks.  It  is  this,  that  at 
curves,  arid  turns,  the  current  acts  with  greatest  effect 

against    the 


bank,  concave 
to  the  direc- 
tion in  which 
it  is  moving  ; 
deepening  the 
channel  there; 
undermining  also  the  bank,  as  at  A,  Fig.  34 ;  and 
raising  the  bed  to  the  opposite  side  B.  The  reflection 
of  the  current  to  the  opposite  bank  from  A  acts  also 
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in  a  similar  manner,  lower  down,  upon  it;  and  this 
natural  operation  proceeds,  until  the  number  of  turns, 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  B,  and  protect  the  concave  side  A, 
Fig.  34,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

The  mean  velocity  must  not  be  too  slow,  or  aquatic 
plants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  until  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  sufficient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  from  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

*  "  M.  Girard  a  fait  observer,  avec  raison,  que  les  plantes  aquatiques, 
qui  croissent  toujours  sur  le  fond  et  sur  les  berges  des  canaux,  aug- 
mentent  considerablement  le  perimetre  mouille,  et  par  suite  la  re"sist- 
nnce  ;  il  a  rapelM  que  Du  Buat,  ayant  mesure'  la  vitesse  de  1'eau  dans 
le  canal  du  Jard,  avant  et  apres  la  coupe  des  roseaux  dont  il  ^tait  garni, 
avait  trouve  un  resultat  bien  moindre  avant  qu' apres.  En  consequence, 
il  a  presque  double  la  pente  donne'e  par  le  calcul  .  .  ." — Traitfi 

s 


•25S 


The  mean  velocity  must  not  be  too  quick,  and 
should  be  so  determined  as  to  suit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continually,  unless  artificially  pro- 
tected ;  it  should  not  exceed 

25  feet  per  minute  in  soft  alluvial  deposits. 

40        ,,           ,,  clayey  beds. 

60        „          ,,.  sandy  and  silty  beds. 

120        „           „  gravelly. 

180        ,,           ,,  strong  gravelly  shingle. 

240        „           „  shingly. 

300        , ,          „  shingly  and  rocky. 

400  and   upwards  in  rocky  and  shingly.  * 


d'Hydraulique,  p.  135.  When  the  fall  does  not  exceed  a  few  inches 
per  mile,  the  velocity,  as  determine  1  from  the  inclination,  is  very 
uncertain,  and  for  this  reason  it  is  always  prudent  to  increase  the 
depths  and  sectional  areas  of  channels  in  Hat  lands,  as  far  as  the 
regimen  will  permit.  In  such  cases  the  section  of  the  channel  should 
approximate  towards  the  best  form.  See  pp.  192  and  255. 

*  TABLE  OF  VELOCITIES  OF  SOME  MOVING  BODIES  COMPARED  WITH  THOSE  OK  BP7ERS 


Objects  in  motion. 

ggg 

|I1 

Objects  in  motion. 

Is-! 

hug 

Current  of  slow  rivers  . 

l"i 

3 

Railway  trains,  German 

•J4 

531 

Currents    of     ordinary 

Sound  when  atmosphere 

rivers  up  to 

1* 

21 

is  nt  :12"  Fahr.     . 

74: 

1,090 

Currents  of  rapid  rivers 

7 

IOJ 

Ditto  GO-  Fahr.          .     . 

1,122 

Man  walking     .        .    . 

8 

41 

Air  rushing  into  vacuum 

1,847 

Horse  trotting 

7 

10J 

Ditto  when    the 

Swiftest  race-horse  .    . 

CO 

88 

meter    stands    at    80 

Moderate  winds    . 

7 

10* 

inches. 

917 

Storms      .        .        .    . 

36 

52} 

Common  musket-baU  . 

Hurricanes    . 

80 

117i 

Rifle-ball  . 

1   (MM) 

Swift    English    steam- 

Cannon-ball . 

1,001 

boats  navigating  the 

Bullet  discharged  , 

channels        .        .    . 

14 

204 

air-tftin,      air      ' 

Swift   American    river 

compressed   into   the 

imers     . 

18 

261 

hundredth  part,  of  it.-. 

Fiist  sailing  vessels  .     . 

12 

17J 

volume  .        .        . 

•177 

700 

Ifciilway  trains,  Knglish 
„             ,,     American 

32 

is 

47 

204 

A  point  on  rartlfs  sur- 

„            ,,       Belgian. 

8M 

moving  rou  1  1<  1  t  li 

1,588 

,, 

27 

Karl  h  moving  round  sun 

iiN,i>2  : 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2^  feet  per  second,  or  150  feet  per  minute, 
is  sufficient  to  prevent  soil  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  hoth  be  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodical^.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
cceteris  paribus,  that  the  discharge  will  be  a  maximum;: 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
"  the  regimen,"  has  to  be  maintained,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed  ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  general 
less  than  that  of  the  beds,  which  get  covered  with 
gravel,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimum  of  friction. 

s  2 
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The  following  Table  is  given  by  Rennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers.* 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  Avould  give  velocities  which  would 
effectually  scour  them.  For  a  hydraulic  mean  deptli 

of  12  feet,  the  velocity,  with  a  fall  °f  Tonnn'   wou^   be 

2  feet  8  inches  per  second  by  Du  Buat's  formula ;  and 
3'3  feet  per  second  by  our  formula.  The  description, 
therefore,  can  only  apply  to  smaller  channels.  In 

fact.  4  inches  to  a  mile,  or -  ,  is  a  considerable  in- 

15740 

clination  for  a  large  river.  From  Carrick-on-Shannon 
to  Killaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon  ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  '7  to  l^inch 
per  mile.  The  Table  of  the  "Falls  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Kennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydraulic  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  flowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obstructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep  ;  but 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Keport  to  the  British  Association,  1834 


ORIFICES,    WEIRS,  PIPES,   AND  RIVERS. 


261 


DISTINCTIVE  ATTRIBUTES 
OF  THE 
VARIOUS  KINDS  Of  RIVERS. 

•*•«  ho 

S'js 

MM 
01   fc. 

ea  t» 

we 

Comparative  degrees 
of  the  mean  veloci- 
ties of  currents. 

Seconds  of  time  in 
which  currents  run 
20  fathoms. 

Fathoms  run  by  the 
current  per  minute 
of  time. 

Ratios  of  declivity 
compared  with 
horizontal  length. 

Fathoms  of  length 
for  each  one-twelfth 
inch  of  declivity. 

Channels  wherein  the  resist-  ^ 
ance  from  the  bed,  and  other  1 
obstacles,  equal  the  quantity  of  | 
current  acquired  from  the  de-  1  ,  . 
clivity;  so  that  the  waters  would  ' 
stagnate  therein,  were  it  not  for  1 
the  compression  and  impulsion 
of  the  upper  and  back  waters   .  J 

0 

0" 

0 

12OOO 

14 

Artificial  canals  in  the  Dutch  )  „    , 
and  Austrian  Netherlands    .     .  \      a> 

8 

180 

61 

7000 

8 

Rivers  in  low,  flat  countries,  ') 
full  of  turns  and  windings,  and  1 
of  a  very  slow  current,  subject  >  3rd. 
to  frequent  and  lasting  inunda-  ( 
tions        J 

1 

120 

10 

5500 

6 

Rivers  in  most  countries  that 
are  a  mean  between  flat  and 
hilly,  which  have  good  currents, 
but  are  subject  to  overflow  ;  also 
the  upper  parts  of  rivers  in  flat 
countries    

4th. 

1* 

80 

15 

i 

«XX> 

- 

Rivers  in  hilly  countries  with 
a  strong  current,  and  seldom 
subject  to  inundations;  also  all 
rivers  near  their  sources  have 
this  declivity  and  velocity,  arid 
often  much  more 

5th. 

, 

55 

., 

Woo 

„ 

Rivers  in  mountainous  coun- 
tries having  a  rapid  current  and 
straight  course,  and  very  rarely 
overflowing         .         .        .     . 

•6th. 

3 

40 

30 

•20OO 

3 

Rivers  in  their  descent  from 
among  mountains  down  into  the 
plains  below,  in  which  plains 
they  run  torrent-wise 

•  7th. 

5 

24 

50 

_JL_ 

8* 

Absolute     torrents      among     fi., 
mountains  

8 

15 

80 

nw 

2 
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r.u.L*  THE  22xD  AUGUST,  1861  (BY  MR.  BATEMAX),  ox  THE  SHAXXOX 

BETWEEX   ATHLOXE   AXD   VICTORIA    LUCK,    MEELICK. 

Report,  May,  1S63. 


Height  over 

upper  sill 
of  Victoria 

Fall. 

Distance. 

Fall  per 
Mile. 

Lock. 

ft.    in. 

ft.     in. 

miles 

inches 

Athlone  

16      2 

Shannon  bridge  . 

14      8 

l"  (3 

144 

Banagher        .        .        .     . 

12      3 

2      5 

si 

3-411 

Victoria  Lock,  Meelick 

8    10 

3      5 

*J 

9-111 

NATURAL  FALLS   OX   THE   RIVER   SIIAXXOX   (EY    Ml:.    LYXAM). 

Report,  April,  1867. 


Falls. 

Names  of  Places. 

2x|T. 

Fall  per 

In  the 

""*.-  4j*5 

g 

mile. 

river. 

1 

•S 

P 

ft.  in. 

ft.  in. 

miles 

inches 

From  Carrick  on  Shannon  to  Jamestown 

Briil"n          ....                      . 

0    9 

5\ 

1"64 

Thence  to  Jamestown  Web- 

1     0 

I 

6-00 

Fall  over  Jamestown  Weir   .        .        .    . 

L'"4 

Thence  to  Albert  Lock      .... 

1  11 

31 

Thence  to  the  head  of  Roosky  Fall      .    . 
Thence  to  Roosky  Web-    .... 

o  24 

0    6 

73 

4-00 

Fall  over  Roosky  Weir  

1    5 

From  Roosky  Weir  to  Tarmonbarry  Weir 
Fall  over  Tarmonbarry  Weir 

26 

5"6 

n 

4-66 

From  Tarmonbarry  Weir  to  Lanesboro    . 

1    3 

'« 

Thence  to  Athlone,  head  of  the  Fall     .    . 

0    3 

174 

O'lT 

Thence  to  the  Weir    

0    A. 

a 

Fall  over  Athlone  Weir         .         .        .    . 

2    4 

/'From  Athlone  Weir  to  River  Suck. 

o'ioj 

is 

(i-7o\ 

Thence  to  Banagher    
I  Thonce  to  Counsellor's  Ford   . 

1)     !>' 

s 

1  Thence  to  Meelick  Weir      .        .        .     . 

1    1 

;> 

Fall  over  Meelick  Navigation  and  Eel 
1     Weirs     

6    S 

. 

0 

JJ 

From  Meelick  to  Portumna          .        .     . 

0"7 

s 

Thence  to  Killaloe  Pier  head     .        . 

0    5| 

381 

Thence  to  Killaloe  Weir  head       .        .     . 

0    3 

4 

IS'OO 

Fall  over  Killaloe  Weir  at  the  head,~v 

2ft.  6in  [ 
Fall  over  Killaloe  Weir  at  the  lower  f 
end,  3  ft.  3  in  ) 

2    9 

Thence  to  Killaloe  Bridge 

1    1 

i 

Total  

15    9 

21     0 

111 

In  river       

15    9 

•n:il  fall  at  Tarmonbarry  left  out 
above  to  suit  the  heights  of  the  water 

1     l 

Whole  fall   

.. 

37   10 

The  fall  irom  KilUl.io  to  Limerick  is  ubout  i',"  K-^-t  in  ,il  out  10  miles. 
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The  following  information  with  reference  to  the  sur- 
face inclinations  of  the  Thames,  is  also  from  Kennie's 
Eeport  on  Hydraulics,*  as  a  branch  of  engineering 
science. 


Fall  in 

Ratio 

Names  of  places 

Length. 

Fall. 

feet  per 

of  inclina- 

mile. 

tions. 

miles  fur. 

feet  in. 

From  Lechlade  at  St.  John's 

Bridge  to  Oxford  at  Folly 

Bridge        .        .         .     . 

28     0 

47     0 

1-68 

1 

From  Oxford  to  Abingdon 

.14 

Bridge     .... 

9     0 

13  11 

173 

1 

"3">O  5  2 

From  Abingdon  to  Walling- 

ford  Bridge.        .         .     . 

14     0 

27     4 

1-95 

"2".T1<5T 

From  Wallingford  to  Read- 

ing Bridge 

18     0 

24    1 

1-31 

_    i  

From    Reading    to    Henley 

Bridge         .        .         .     . 

9     0 

19     3 

2-14 

i 
'27467 

From    Henley    to   Marlow 

Bridge    .... 

9     0 

12    2 

1-35 

7.7TT 

From  Marlow  to  Maidenhead 

Bridge        .         .        .     . 

8     0 

15     1 

1-86 

"^TT? 

From  Maidenhead  Bridge  to 

Windsor  Bridge 

7     0 

13    6 

1-93 

~2iY5ia 

From  Windsor   to    Staines' 

Bridge         .        .        .     . 

8     0 

15    8 

1-96 

1 

From    Staines  to  Chertsey 

Bridge     .... 

4     6 

6    6 

1-44 

_           1          y 

From  Chertsey  to  Tedding- 

,66 

ton-Lock     .        .         .     . 

13     6 

19    8 

1-45 

_1  _ 

From    Teddington-Lock   to 

London  Bridge 

19    0 

2    9 

•145 

Ij 

From    London    to    Yantlet 

' 

Creek  

40    0 

2     1 

•052 

ToT,T3T 

From  Lechlade   to   Yantlet 

Creek      .... 

186    4 

218    0 

Deduct.        .        .     . 

40    0 

From  Lechlade  to  London  . 

146    4 

For  enclosed  channels,  the  circular  form  of  sewer 
*  Report,  for  1834,  of  the  British  Association. 
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will  have  the  largest  scouring  power,  at  a  given 
hydraulic  inclination.  For  then  the  area  of  the  sections 
being  the  same,  the  velocity  in  the  circular  channel 
will  be  a  maximum.  When  the  supply  is  intermit- 
tent, and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-tile  or  V  bottom  for 
drains, — will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  effected  by  a  sacrifice  of  space,  material,  and 
friction  in  the  upper  part  of  drains,  from  C  to  12  inches 
in  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamic  power  is  always 
more  efficient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone- ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufficient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
matter*  the  friction  and  adherence  to  the  sides  and 
bottom  is"  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  larger  properly-propor- 
tioned sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  curved  junctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  t  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  small 
stone-ware  drains  than  to  equally-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general, 
also  cheaper.  This,  however,  depends  on  the 
locality. 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbach  found  the  coefficient  of  resistance  1 75  times  as  great  for 
small  wooden  as  for  metallic  pipes.  All  permeable  pipes  present  greater 
resistance  than  impermeable  ones;  hence  the  principle  advantage 
derived  from  glazing. 

•f  Half- socket  joints  at  bottom  would  remedy  this  imperfection  in 
small  pipes,  and  they  could  be  better  laid  and  cemented.  A  semi- 
circular flange  laid  on  at  top  would  effectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  cut  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  may  be  demon- 
strated, that  when  this  is  a  segment  of  78£  degrees,  the  lower  portion 
will  discharge  more  than  a  full  pipe  at  the  same  inclination. 
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Fig.  34a. 


water  flowing  from  a  pipe  does  not  entirely  fill  the 
orifice  of  exit,  when  the  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  be  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference be  full.  It  is  easy  to  demonstrate  that  the 
full  circle  does  not  give  the  maximum  discharging 
velocity  as  has  been  generally  believed,  but  when 

filled  to  the  height  of 
the  chord  a  c  of  arc  a  e  c 
of  783-  degrees,  and  where 
the  velocity  is  9|  per 
cent,  over  that  due  to  the 
full  circle,  for  then  the 

area  a  c I  c  • 

-  is  a  maximum, 
arc    a  a  e 

and  the  length  of  the  arc 
ado  is  equal  to  the  tangent 
of  the  supplemental  :uv 
a  e  c,  as  may  be  without  difficulty  demonstrated.  The 
hydraulic  mean  depths  of  the  circle  and  larger  segment 
are  to  each  other  as  '5  to  '6,  and  their  square  roots, 
which  are  as  the  velocities  or  scouring  powers,  are  as 
1  to  1'095.  The  discharging  powers  are  to  each  other 
as  1  x  3-141G  to  T095  x  2'946,  or  as  1  to  T026, 
which  shows  that  the  segment  a  d  c  has  also  a  greater 
discharging  power  than  the  whole  circle  of  nearly 
three  per  cent.  These  facts,  which  were  first  pointed 
out  by  the  author,  are  not  unimportant  in  matters 
connected  with  drain-pipes  and  sewerage.  The  effects 
of  greater  velocity  and  discharge  here  pointed  out,  are 
soiurtimes  increased,  in  short  pipes,  from  the  fall 
between  the  surface  a  c,  and  the  surface  from  which 
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the  head  is  measured,  beiiig  greater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY   DISCHARGING   CHANNELS. 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydraulic  mean  depths.  The 
channel  a  d  c  B,  Fig.  35,  will  have  the  same  discharge 
as  the  channel  A  D  c  B  if  they  be  to  each  other 

(  ADCB          )  i  ,      (  a  d  c 

as  -!  -  \    to  1 

(.AD  +  DC  +  CB) 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fall  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2£  feet  deep,  will  have  the  same  discharge. 
If  w  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 


f     w3  d3       }  J  __ 
I  w  +  2  d   ) 

(122.) 


in ;  and  thence  the  cubic  equation 
,3  _  2  m2  7  _  w2 
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for  finding  the  depth  d  of  any  other  rectangular 
channel  whose  width  is  w,  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  from  this  equation,  assuming  a 
width  of  70  feet  and  different  depths  to  find  in  from. 
The  results  are  given  in.  TABLE  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulic  inclinations  vary,  then  the  V  >•  a 
must  be  inversely  as  the  areas  of  the  channels  when 
V  r  s  X  channel  or  the  discharge  is  constant ;  and  if 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  s  ;  and  r  s  be  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mile,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydraulic  mean  depth  of  four  feet,  and 
a  fall  per  mile  of  only  one  foot.  If  in  TABLE  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column  will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  from  TABLE  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic- 
inclination.* 

The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similar  to  mvniln-rs  XL,  XII.,  and  XIII. 
but  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and  may  be  had  from  the  pub- 
lisher. 
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river  channels,  with  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70,  as  in  TABLE  XI.  has  been 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  from  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  TABLE  VIII., 
have  also  been  calculated  from  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-half. 

With  reference  to  pipes,  it  is  apparent  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  will  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  small  service  pipes  half-an-iuch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74s),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  under  two  inches  should  have  one-third 

*  Mr.  Bateman  formerly  in  giving  evidence,  says  : — "He  wished  to 
mention  a  circumstance  which  might  be  useful  with  regard  to  the 
spongilloe  found  in  the  Dublin  water  pipes.  At  Manchester,  before  the 
introduction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  favoured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.  These  were 


TABLE  of  mean   >'•' 
or  Seice/v,  with  si'/e  rlop**  HJI  to  2.1,   to  I.     Practically  nil  i'tcer-chaiiinjlt  may  be  re- 

io  rectangular  sections  of  equal  areas  inul  depau  to  find  the  dlfvhuni> 
TABLE  XI. 


^  d 
£a 

Mean  rectangular  dimensions  of  equally  discharging  water-channels  or  sewers, 
in  any  measures  whatever,  inches,  feet,  yards,  fathoms,  or  their  aliquot  parts, 
or  multiples. 

i! 

£| 

Mean 
width 
100 

Mean 
width 
90 

Mean 
width 
80 

Mean 
width 
70 

Moan 
width 
(10 

Moan 
width 
50 

Mean 
width 
40 

Mean 
width 
30 

Mean 
width 
20 

Mean 
width 
15 

Moan 
width 

ID 

Mean 
width 
100 

•1 

•11 

•12 

•13 

•14 

•16 

•18 

•22 

•29 

•35 

•47 

•1 

•125 

•13 

•14 

•16 

•17 

•20 

•23 

•28 

•37 

•40 

•120 

•2 

•21 

•28 

•20 

•28 

•32 

•37 

•45 

•60 

-73 

•98 

•a 

•25 

-2-f 

•29 

•35 

•40 

•46 

•56 

"75 

•92 

I'-'O 

•25 

•3 

•32 

•35 

•38 

•42 

•48 

•56 

•68 

•90 

1-11 

1-68 

•3 

•375 

•40 

•44 

•48 

•53 

•60 

•70 

1-13 

1-40 

1-04 

•375 

•4 

•43 

•4(1 

•01 

•56 

•64 

•74 

•91 

1-21 

1-50 

2-08 

•4 

•5 

•54 

•58 

•64 

•71 

•80 

1-14 

1-53 

1-90 

2-67 

•5 

•6 

•64 

•70 

•76 

•85 

•96 

1-12 

1-37 

1-85 

2-31 

3-28 

•625 

•67 

•73 

•79 

•88 

1-00 

1-16 

1-43 

1-93 

2-42 

3-44 

•625 

•7 

•70 

•81 

•89 

.,,,) 

1-12 

1-31 

1-tll 

2-17 

2-73 

-7 

•75 

•80 

•87 

•95 

1-06 

1-20 

1-41 

1-73 

2-95 

4  '20 

•75 

•8 

•86 

•93 

1-02 

1-13 

1-29 

1-50 

1-85 

2-51 

3-17 

4-59 

•8 

•875 

•94 

1-02 

1-12 

1-24 

1-40 

1-04 

2-02 

2-76 

3-50 

5-10* 

•875 

•9 

•!'7 

1-05 

1-15 

1-27 

1-45 

1-69 

2-08 

2-84 

3-61 

•9 

1-0 

1-07 

1-16 

1-27 

1-42 

1-61 

1-88 

2-32 

3-18 

4-07 

5-99 

I'O 

1-125 

1-21 

1-31 

1-43 

1-60 

1-81 

2-13 

2-63 

3-02 

4-64 

1-25 

1-2 

1-29 

1-40 

1-53 

1-70 

1-94 

2-27 

2-81 

3-88 

5-00 

1-2 

1-25 

1-35 

1-46 

1-60 

1-78 

2-02 

2-37 

2  -'.'4 

4-06 

5'24 

1-3 

1-40 

1-51 

1-66 

1-85 

2-10 

2-47 

4  '24 

8'29 

1-3 

1-375 

1-48 

1-60 

1-76 

8-28 

4-51 

5-85 

8-89 

1-4 

1-50 

1-63 

1-71) 

1-99 

8-27 

2-.;.; 

3-31 

4-60 

9-10 

1'4 

1-5 

1-61 

1-75 

1-98 

2-14 

2-43 

3-56 

4-97 

6-47 

'.'  '.'2 

1-5 

1-6 

1-72 

1-S6 

2-60 

3-06 

3-81 

5-34 

6-98 

10-78 

1-6 

1-625 

1-75 

1-89 

2-08 

8-88 

2-C4 

3-11 

8-87 

5-43 

7-11 

11-00 

1-625 

1-7 

1-83 

2-17 

2-43 

4-06 

5-72 

7-50* 

11-60 

1-7 

1-75 

1-88 

2-04 

2-24 

2-50 

3-36 

4-19 

5-91 

7-77 

12  10 

1-75 

1-8 

1-93 

2-10 

8:67 

4-32 

6-09 

8-03 

12-04 

1-8 

1-875 

8-08 

•J-l'.i 

2-40 

2-6S 

4-51 

6-38 

8-43 

i-r-7;. 

1-9 

2-04 

2-22 

2-43 

2-71 

3-10 

3-65 

4-57 

6-48 

8-57 

13-4ti 

i-.' 

2-0 

2-15 

2-33 

2-56 

3-26 

3-86 

4-83 

6-87 

9-11 

14-39 

2-1 

8-88 

2-45 

8-89 

3-01 

3-43 

4-06 

5-09 

7-27 

2-1 

2-2 

2-37 

2-57 

8-88 

3-15 

3-  HO 

4-2(1 

5-36 

7-66 

2-3 

2-47 

2-69 

295 

3-30 

3-77 

4'46 

S-07 

10-80 

17-31 

2-4 

2-58 

2-80 

3-08 

3-44 

3-94 

4-87 

5-89 

8-48 

11-38 

2-4 

-_'•."> 

269 

8-21 

3-59 

4-11 

4-C.7 

6-16 

879 

11  !>7 

19-35 

2-5 

2-6 

2-80 

3-04 

3-74 

4-28 

5-08 

li-42 

9-31 

12-07 

2-7 

2-91 

3-16 

3-88 

4-55 

5-28 

13-17 

21-46 

87 

2-8 

3-01 

3-27 

4-03 

4-62 

5-49 

tl".i7 

10-16* 

2-8 

2-9 

3-12 

4-18 

4-79 

570 

7'  24 

10-59 

14-40 

2-9 

3-0 

3-23 

3-51 

4-42 

4*98 

6-91 

7-02 

11-02 

15-03 

30 

0.1 

3-34 

4.47 

5'13 

6'1S 

77l> 

11-4(1 

3-1 

3-2 

3-45 

3-75 

4-18 

4  -(12 

530 

6-33 

8-07 

K~  3 

3-3 

3-55 

3-86 

4-77 

5-48 

12-:  ;5 

3-3 

3-4 

3-98 

4-98 

678 

18-80 

17-68 

3-5 

877 

4-10 

4-63 

6-88 

6-96 

8-98 

£~  a 

3-6 

3-88 

4-22 

0-21 

6-00 

7-1- 

'.'•21 

1871 

8U 

3-7 

4-34 

5-36 

8*17 

9-49 

14-1S 

1  :>•(;:> 

3-7 

3'8 

4-09 

4-46 

4  -'.a 

7  no 

978 

14-65 

3-8 

3.9 

4  "20 

5*05 

7-S2 

1  0  '0" 

10-12 

•;  i| 

4-0 

4-31 

4-69 

5-18 

5-81 

6-70 

8-04 

10-88 

15-59 

Js«!«g! 

4-0 

4-1 

4-42 

4-81 

5-31 

10-68 

16-07 

2  '  £ 

4-1 

4-2 

4-53 

0-44 

11-11 

7-DO 

8-47 

10-98 

•—  hii*.!^      *  t2  ^  • 

4'2 

4-3 
4-4 

4-tlj 
4-74 

5-05 

0-17 

673 

il-2(l 
(1-41 

7-23 
7-40 

1  1  -20 
11-55 

17-04 

4-4 

4-5 

4-85 

6-68 

7"58 

9-13 

17  -('2 

4'5 

5'!'7 

(1-72 

7-76 

9-86 

18-18 

47 

5-53 

(1-10 

7-!  14 

9-57 

12-45 

111-02 

s2  "  ^—  tc^&'- 

4-7 

4-8 

6-18 

5-64 

7-02 

8-12 

9-79 

12-75 

-  ~,  -  "c  »- 

4-8 

4".t 

5-29 

5-76 

7-17 

10-02 

13-06 

''.%-:*'•': 

4-9 

6-40 

5-88 

10-24 

u'c-ei~-5H  5 

5-0 

TABLE  of  the  Discharges  i./  ,-  minute  from  the  primary  Channel  in  the  Opposite 

page,  taken  infect ;  and  from  the  eorrespowKng  i'<;t:ir<iliut,  (.  humid*,  al«o  taken  in  J't-tt. 
See  TABLKXH. 


%s$* 

Discharges  in  cubic  feet  per  minute.    Interpolate  for  intermediate  falls  or  in- 
clinations :  divide  greater  fulls  or  inclinations  by  4,  and  double  the  correspond- 

bs« 

c'x  i  <~ 

ine  discharges.  If  the  dimensions  be  in  inches,  divide  the  discharges  here  (riven 

S  '33  Sici 

'S  ^.c  - 

by  500;  if  in  tenths,  by  316;  if  in  eighths,  by  181  ;  if  in  sixths,  by  88;  if  in  fifths, 

'£§.5.5 

&c"rtT* 

by  56;  if  in  quarters,  by  32;  if  in  thirds,  by  15-6;  and  if  in  halves,  by  6'66. 

"Clt 

Jc.53 

Kcverse  the'operation  and  multiply  for  like  multiples. 

£e.S§ 

||fj 

«  .70 

.C  •—  ,_•} 

«  s  —  » 

||1 

ill 

"5  =  *= 

H?i 

Iff 

1|| 

||| 

||| 

1=1 

Sis 

Sue 

•-  *•£ 

-"  *•  5 

•5  t  3 

s°-3* 

»e^ 

2JC 

22C 

So^ 

3o^ 

S&- 

8E~ 

R«.S* 

•1 

110 

140 

176 

807 

235 

260 

284 

305 

345 

383 

•1 

•125 

157 

198 

250 

294 

332 

373 

402 

433 

490 

543 

•125 

•2 

325 

409 

515 

606 

686 

760 

828 

891 

1,009 

1,117 

•2 

•25 

455 

575 

725 

853 

'.iii.i 

1,070 

1,100 

1,256 

1,422 

1,574 

•25 

•3 

601 

760 

957 

1,125 

1,275 

1,412 

1,539 

1,658 

1,870 

2,076 

•3 

•375 

844 

1,068 

1,344 

1,582 

1,793 

1,985 

2,162 

2,329 

2,637 

2,919 

•375 

•4 

931 

1,178 

1,484 

1,745 

1,977 

2,189 

2,386 

2,569 

2,900 

3,220 

•4 

•5 

1,308 

1,653 

2,081 

2,447 

2,775 

3,071 

3,347 

3,606 

4,083 

4,513 

•5 

•6 

1,721 

2,178 

2,743 

3,227 

3,657 

4,047 

4,410 

4,752 

5,401 

5,956 

•6 

•625 

1,830 

2,310 

2,917 

3,431 

3,887 

4,303 

4,690 

5,053 

5,795 

6,332 

•625 

•7 

2,177 

2,750 

3,463 

4,072 

4,614 

5,109 

5,568 

5,999 

6,936 

7,516 

•7 

•75 

2,414 

3,029 

3,844 

4,520 

5,123 

5,674 

6,180 

6,660 

7,567 

8,342 

•75 

•8 

2,660 

3,363 

4,236 

4,982 

5,646 

6,253 

6,811 

7,340 

8,309 

9,194 

•8 

•875 

3,044 

3,850 

4,846 

5,703 

6,463 

7,157 

7,770 

8,401 

9,513 

10,527 

•875 

•9 

3,175 

4,017 

5,060 

5,951 

6.743 

7,467 

8,082 

8,765 

9,926 

10,984 

•9 

1-0 

3,731 

4,711 

5,933 

6,973 

7,903 

8,750 

9,513 

10,273 

11,634 

12,877 

1-0 

1-125 

4,441 

5,614 

7,"071 

8,313 

9,421 

10,430 

11,369 

12,216 

13,867 

15,347 

1-125 

1-2 

4,889 

6,186 

7,791 

9,163 

10,381 

11,494 

12,521 

13,494 

15,280 

16,914 

1-2 

1-25 

5,207 

6,582 

8,291 

9,752 

11,048 

12,232 

13,336 

14,361 

16,261 

18,000 

1-25 

1-3 

5,529 

6,981 

8,793 

10,357 

11,718 

12,974 

14,146 

15,234 

17,246 

19,091 

1-3 

1-375 

6,004 

7,591 

9,561 

11,245 

12,734 

14,107 

15,386 

16,576 

18,752 

20,756 

1-375 

1-4 

6,167 

7,797 

9,821 

11,544 

13,087 

14,491 

15,794 

17,031 

19,262 

21,318 

1-4 

1-5 

6,844 

8,653 

10,898 

12,818 

14,524 

16,081 

17,523 

18,917 

21,376 

23,658 

1-5 

1-6 

7,538 

9,520 

12,002 

14,115 

15,994 

17,709 

19,296 

20,829 

23,539 

26,053 

i-o 

1-625 

7,705 

9,741 

12,272 

14,428 

16,348 

18,102 

19,724 

21,286 

24,061 

26,631 

1-625 

1-7 

8,252 

10,432jl3,139 

15,432 

17,509 

19,360 

21,126 

22,780 

25,769 

28,523 

17 

1-75 

8,617 

10,893113,719 

16,134 

18,282 

20,241 

22,060 

23,776 

26,907 

29,784 

175 

1-8 

8,993 

11,369 

14,318 

16,851 

19,079 

21,124 

23,024 

24,821 

28,081 

31,085 

1-8 

1-875 

9,561 

12,088 

15,226 

17,905 

20,287 

22,463 

24,476 

26,372 

29,860 

33,052 

1-875 

1-9 

9,741 

12,316 

15,515 

18,245 

20,672 

22,890 

24,946 

26,872 

30,426 

33,682 

1-9 

2-0 

10,515 

13,297 

16,753 

19,702 

22,320 

24,718 

26,935 

29,019 

32,852 

36,358 

2-0 

2-1 

11,307 

14,300 

18,020 

21,192 

23,991 

26,561 

29,074 

31,213 

35,334 

39,106 

2-1 

2'2 

12,110 

15,314 

19,297 

22,689 

25,708 

28,467 

31,024 

33,424 

37,838 

41,878 

2-2 

2-3 

12,935 

16,357 

20,608 

24,235 

27,456 

30,407 

33,134 

35,694 

40,410 

44,724 

2-3 

2-4 

13,781 

17,425 

21,954 

25,816 

29,250 

32,302 

35,299 

38,022 

43,048 

47,643 

2-4 

2-5 

14,647 

18,520 

23,332 

27,436 

31,087 

34,425 

37,516 

40,407 

45,750 

50,634 

2-5 

2-6 

15,538 

19,645 

24,747 

29,100 

32,974 

36,514 

39,794 

42,856 

48,526 

53,706 

2-6 

2-7 

16,430 

20,773 

26,167 

30,770 

34,867 

38,610 

42,078 

45,316 

51,311 

56,789 

2-7 

2-8 

17,333 

21,915 

27,605 

32,462 

36,784 

40,733 

44,390 

47,809 

54,131 

59,913 

2-8 

2-9 

18,257 

23,084 

29,076 

34,193 

38,744 

42,905 

46,755 

50,359 

57,017 

63,110 

2-9 

3-0 

19,203 

24,280 

30,581 

35,963 

40,750 

45,127 

49,175 

52,968 

59,968 

66,379 

3-0 

3-1 

20,167 

25,498 

32,120 

37,767 

42,794 

47,392 

51,640 

55,634 

62.98C 

69,709 

3-1 

3-2 

21,146 

26,737 

.•;:s,o7:; 

39,600 

44,871 

49,692 

54,148 

58,327 

66,033 

73,097 

3-2 

3-3 

22,118 

27,969 

35,225 

41,425 

46,939 

51,978 

56,640 

61,017 

69,077 

76,465 

3-3 

3-4 

23,106 

29,220 

36,798 

43,275 

49,036 

54,302 

59,171 

63,745 

72,164 

79,879 

3-4 

3-5 

24,115 

30,497 

38,407 

45,166 

51,180 

50,075 

61,758 

66,534 

75,322 

83,371 

3-5 

3-6 

25,139 

31,795 

40,04(1 

47,086 

53,356 

59,084 

64,884 

69,366 

78,526 

86,915 

3-6 

3-7 

26,182 

33,116 

41,702 

49,041 

55,572 

61,532 

67,058 

72,249 

81,789 

90,524 

3-7 

3-8 

27,233 

34,446 

43,37<i 

51,013 

57,807 

64,009 

69,753 

75,158 

85,078 

94,162 

3-8 

3-9 

28,287 

35,777 

45,060 

52,989 

60,046 

66,489 

72,455 

78,061 

88,371 

97,810 

3-9 

4-0 

29,356 

37,128 

46,766 

54,094 

62,318 

69,006 

75,197 

81,012 

91,710 

101,512 

4-0 

4-1 

30,438 

38,495 

48,492 

57,024 

64,616 

71,553 

77,973 

83,999 

95,093 

105,259 

4-1 

4-2 

31,538 

39,884 

50,246 

59,086 

66,950 

74,141 

80,793 

87,033 

98,535 

109,065 

4-2 

4-3 

32,654 

41,294 

52,027 

61,180 

69,327 

76,769 

83,655 

90,116 

102,025 

112,930 

43 

4-4 

33,776 

42,712 

53,816 

63,283 

71,709 

79,400 

86,529 

93,209 

105,531 

116,811 

4-4 

4-5 

34,908 

44,138 

55,613 

65,394 

74,100 

82,052 

89,413 

96,318 

109,054 

120,709 

4-5 

4-6 

36,041 

45,579 

57,429 

67,527 

76,500 

84,725 

92,327 

99,460 

112,614 

124,647 

4-6 

4-7 

37,193 

47,034 

59,262 

69,682 

78,955 

87,426 

95,271 

102,632 

116,209 

128,625 

4-7 

4-8 

38,363 

48,514 

61,128 

71,874 

81,438 

90,173 

98,266 

105,860 

119,860 

132,672 

4-8 

4-9 

39,544 

50,009 

63,011 

74,087 

83,944 

02,940 

101,289  109,119 

123,559 

136,758 

4-9 

5-0 

40,725 

51,507 

64,895  76,  298  1  86,  450 

95,720 

104,313 

112,376 

127,248  140,841 

5-0 

•27-2  THE  DISCHARGE  OF   WATER  FROM 

or  more  added  to  their  calculated  dimensions,  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duly  estimated. 


SECTION    X. 

EFFECTS  OF  ENLARGEMENTS  AND  CONTRACTIONS.      BACK- 
WATER  WEIR    CASE. LONG    AND     SHORT    WEIRS. 

THE    SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues  ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  upivards,  may  be 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid  ;  and  though  it  may  be 
assumed  generally  that  the  velocities  are  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caused  by  the  large  quantity  of  lime  in  the  water.  He  was  curious  to 
see  what  would  be  the  effect  of  passing  water  without  lime.  This  was 
done  ten  or  eleven  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  from  which 
they  could  make  their  shells,  and  for  years,  on  their  discharge,  the 
small  pipes  were  found  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probably  favoured 
tin- growth  of  spongilke,  they  would  probably  disappear."  This  has 
1  leen  since  done,  and  Dublin  has  been  supplied,  from  the  Vartry,  with 
most  satisfactory  results  as  to  quality,  quantity,  and  cost. 
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Fig1. 3  6 


motions  so  uncertain  as  those  referred  to. 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entiy,  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 


When  a 


(123.) 


h  = 


cd 


When  the  diaphragm  is   placed   in   a  uniform  pipe, 
Fig.  36,  then  A  =  c,  and  the  loss  of  head  is 


(124.) 


h  = 


/A 

( 

\a  cd 


and  the  coefficient  of  resistance 

(125.)  cl  =  C—  -  1 

\acA 

as  in  equation  (67).  The  coefficient  of  discharge  ed  is 
here  equal  to  the  coefficient  of  contraction  cc,  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  cd,  varies  according  to  the  ratio  of  the 

A 
sections,  ~  ,*  and  in  TABLE  V.  we  have  calculated  the 

(v 

*  The  empirical  value  of  cd  as  given  by  Professor  Eankine,    is 

•618 
c.  =-^ n.2  x  i ,  which  is  equal  to  unity  when  a  =  A,    as  it 


should  be  ;  and  equal  to  '618,  when  a  is  very  small,  compared  with  A, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  but  not  other- 
wise. If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coefficient  of  discharge  would  be  '815  ;  and  if  the  higher 
arris  be  rounded,  this  would  be  increased  to  1,  in  which  cases  the  ex- 
pression would  clearly  fail ;  the  thickness  of  the  diaphragm  and  the 
form  of  the  aperture  a  must  also  be  considered.  T 
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new  coefficients  for  different  values  of  the  ratios,  and 
different  values  of  the  primary  coefficient  cd.  If  cd, 
when  A  is  very  large  compared  with  a,  be  '628,  then 
by  attending  to  the  remarks  at  pp.  101  and  103,  it  is 
found,  that  the  different  values  of  cd  corresponding  to 

A 

'807  x  — ,  taken  from  TABLE  V.,  are  those  in  columns 
a 

Nos.  2  and  5  of  the  next  small  table,  the  values  of  the 

TABLE   OF   COEFFICIENTS  FOR  CONTRACTION,    BY   A  DIAPHRAi.M 
IN  A  PIPE. 


a 

a 

— 

Cd 

C, 

— 

Cd 

r. 

A 

A 

•o 

•628 

infinite 

•6 

•713 

1-790 

•1 

•630 

221-2 

•7 

•753 

•807 

•2 

•636 

47-1 

•8 

•807 

•301 

•3 

•647 

17-2 

•85 

•845 

•154 

•4 

•661 

77 

•9 

•890 

•062 

•5 

•683 

3-7 

1 

1-000 

•000 

coefficient  of  resistance,  in  columns  3  and  6,  being 
calculated  from  equation  (125)  for  the  respective  up- 
values of  the  coefficient  of  discharge  thus  found.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
TVths  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby.  If  the  aperture  in 
the  diaphragm  be  rounded  at  the  arrises,  tin  loss  will 
not  be  so  great,  as  the  primary  coefficient  ctl  will  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate  : 
see  the  TABLE  OF  COKI-TK  IKNTS,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube, 
the  loss  of  head  for  each  must  be  found  separately, 
and  all  added  together  for  the  total  loss.  If  the 
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diaphragms,  however,  approach  each  other,  so  that 
the  water  issuing  from  one  of  the  orifices  a,  Fig.  36, 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  view  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1*03  inch  in  diameter,  having  apertures  in  the  dia- 
phragms of  '51  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  '75  inch  to  *934  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
along  the  length  from  '75  to  2  inches  and  from  2 
inches  to  '75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  junction        .        .         ,  1* 

One  enlargement '741 

Three  enlargements '569 

Five  enlargements '454 

Simple  tube  with  a  rounded  junction  of  the  same 
length,  36  inches,  as  the  tube  with  the  five 

enlarged  parts 736 

The  head,  in  the  experiment,  was  32J  inches.  Venturi 
states  that  no  observable  differences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  3-J-  to  6£  inches.  See  tables,  pp.  146 
and  199. 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  3^  to  6^  inches,  and  consequently 
were  at  most  only  3£  times  the  diameter.  Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  ti\  n  I, 
Fig.  37,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  b  the  im- 


pact of  the  moving  water  on  the  shoulders  at  A  and  B. 
That  this  is  so  is  evident  from  the  fact,  stated  by  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  A,  in  five  different  enlargements,  was 
increased  from  3£  to  6J  inches  ;  though  this  must 
have  lengthened  the  whole  tube  from  36  to  50  inches,* 
thereby  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  be  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  A  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  <i 
to  A. 

If,  however,  the  length  from  a  to  A  be  veiy  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  b,  be  well  grafted,  less  loss  will  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  square 
roots  of  the  mean  radii  ;  and  the  length  being  the 


The  dimensions  throughout  this  experiment  arc  given  as  in  the 
ix.,  in  Frencli  inches. 
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same,  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mutandis,  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  134  and  141,  and  formulae  given  for  calcu- 
lating them. 

BACKWATER   FROM    CONTRACTIONS   IN   RIVERS. 

A  river  may  be  contracted  in  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (55), 
and  (57).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above  ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  mill  power.  When 
a  weir  is  to  rise  over  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  TABLE  V.,  the  head 
can  be  found  from  TABLE  VI.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is.  a  question  of  some  importance.  If  F  c  o  D, 
Fig.  38,  be  the  original  surface  of  a  river,  and  a  A  B  F 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  F  of  this  backwater,  in  a  regular  channel, 
will  be  from  1*5  to  1*9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  original  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes ;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


length,  B!  B2  or  BJ  B,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  A 
to  B,  B  to  BI,  and  from  BX  to  B2  separately,  the  distance 
from  A  to  B2  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  A  B, 
B  B!,  &c.,  maybe  considered  free  from  curvature.  Now, 
as  the  head  A  D  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulae,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
discharge  over  the  weir.  Putting  A  for  the  area  of  the 
channel  at  A  H,  d  for  its  depth  A  H,  and  v  for  the  mean 
velocity  ;  also  AI  for  the  area  of  the  channel  at  B  i,  rfj 
for  its  depth,  and  t\  for  its  mean  velocity ;  bm  the 
mean  border  between  the  sections  at  A  n  and  B  i ;  rm 

the  mean  hydraulic  depth ;  1 1  the  mean  velocity  ; 

a 

AD=.&;BO  =  A]';  the  sine  of  angle  ODE  =  s ;  and 
the  length  A  B  =  n  o  nearly  =  I;  we  get  A  X  v  =  A: 

X  i\  and  rm  =  -1;  but  as,  in  passing  from  B  to 

^  ^m 

A,  the  velocity  changes  from  i\  to  v,  there  is  a  loss  of 
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V2   -.2 

head  equal  — ,  and  if  c(  be  the  coefficient  of  fric- 

2</ 
tion,  there  is  a  loss  of  head  from  this  cause  equal  ct  x 

fa  +  A2 

1  \     2     / 

_  X  -  — .  hence  the  whole  change  of   head  in 

rm  A  9 

passing  from  B  to  A  is  equal  to  ct  X  —  X     -^-— *-    — 

rm  8g 

2  2 

1  ~  ?  .     But  this  change  of  head  is  equal  to  B  E  —  A  D 
20 
=  B  o  +  o  E  —  AD  =  /ij  +  I  s  —  k,  whence 

(126.)         Jh-h  =  d1-d  =  cfx  1  X  (t;i  +  v^ 

" 


or  as  i\  —  — ,  and  rm  =  — ^ — 1,   by  a  few  reductions 
AI  2  6m 

and  change  of  signs, 

(127.)    h  -  h,  =  (s  -  c,  x  6m  x  ^*~^  x 


and  therefore 

99  9 

A     —  Ai  IT 

1  1.  1     V  ^ 

/i  —  % 2 X  o — 

(1280       / ,    w,.Al.    .,  2^. 


from  which  the  length  I  corresponding  to  any  assumed 
change  of  level  between  A  and  B  can  be  calculated. 
Then,  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 
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a  direct  solution,  for  the  value  of  h  —  7«j  in  equation  J 
(127)  involves  Al5  which  depends  again  on  li  —  hi,  and 
further  reduction   leads  to  an  equation  of  a  higher 
order ;  but  the  length  corresponding  to  a  given  rise. 
h1}  is  found  directly  by  equation  (128). 

"When  the  width  of  the  channel,  ic,  is  constant,  and 
the  section  equal  to  ID  X  d  nearly,  the  above  equations 
admit  of  a  further  reduction  for  A:  =  dl  w  and  A  =  d  iv ; 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)  h  -  hj_  =  d  —  di 

'       f  "  -f-  *    x      —  • 

d\  '2  <j " 


or,  as  it  may  be  further  reduced, 


(130.)      h  -  hi  - 


20 


1  - 


d 


X  I. 


*9 


Now,  in  this  equation,  for  all  practical  purposes, 
d  +  d,  x  _b^_  =J>_ 
2  di         di  w       d  w' 
approximately,  b  being  the  border  of  the  section  at 

A  H  ;    and    also,  -    "L    *  =  -,  approximately,    there- 

Uj  CL 

fore 


(131.) 
and 

(132.) 


~  ct   X    —  -   X 

d  w        2  g 
—  5  --  -2— 

1  —        X 

•*•  "        •*        — 


_ 


-  ct  X  -      x 

dw       20 
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Now,  as  -= —  =  — ,  2  g  =  64'4,  and  the  mean  value  of 
dw       r 

the  coefficient  of  friction  for  small  velocities  ct  =•  '0078, 
then 


64-4  ds  --0078-tf2 


(133.) 

and 

(134.) 


64-4  d  -  2  v2 

(h  -  hi)  x  (64-4  d  -  2 
64-4  ds-  -0078 -c8 


X  Z; 


very  nearly.  Having  by  means  of  these  equations 
found  A  B  from  B  o  or  B  E,  and  B  o  from  A  B,  we  can  in 
the  same  manner  proceed  up  the  channel  and  calculate 
BJ  c,  B2  GI,  &c.,  until  the  points  B,  BJ,  B2  in  the  curve 
of  the  backwater  shall  have  been  determined,  and  until 
the  last  nearly  coincides  with  the  original  surface  of 
the  river.  When  hi  =  0,  then 


,  __ 


64-4  ds-  -0078 
64-4  d  -  2 


X   L 


If  equation  (134)  be  examined,  it  appears  that  when 
64'4  d  =  2  v2,  I  must   be   equal  to   zero  ;    or  when 

1  2 

-  ^—-  ,  equal  the  height  due  to  the  velocity  v.  When 
I  is  infinite,  64'4  d  must  exceed  2  i?,  and  64'4  d  s  equal 

to  '0078  -0s; 
r 


or'  ^oW  =  *2'  and  *  =  90'9 


r  s. 


This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  d,  hydraulic  mean  depth  r,  and  inclinations; 
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and,  as  in  wide  rivers  r  —  d  nearl}-,  v  =  90*9  V  d  s, 
but  when  the  numerator  was  zero  we  had  from  it 
v  =  V  32'2  d ;  equating  these  values  of  v,  s  —  '0039 
= —  nearly  :  see  p.  133.'  Now,  the  larger  the  fraction 

256 

-s-  is,  the  larger  will  the  velocity  v  become  ;  and  the 
larger  r  becomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

64-4  d  -  2  v2  and  64'4  d  s  -  '0078  d  i2, 

r 

in  the  numerator  and  denominator  of  equation  (134), 
approach  zero  ;  when  64*4  d  —  2  i3  becomes  zero  first, 

I  =  0  :  when  64*4  d  s  —  '0078  -  i3  becomes  zero  first, 

r 

I  equals  infinity  ;  and  when  they  both  become  zero  at 
the  same  time,  I  =  h  —  hi,  and  s  =  —  :  see  p.  133  ; 

if  s  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (134)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  will  take  the  form  p 
C2  &2  &i  b  a\  a>  Fig.  38,  with  a  hollow  at  c2.  Bidone 
first  observed  a  hollow,  as  F  c2  b2,  when  the  inclination 

-s  was  -.     When  the   inclination  of  a  river  channel 

30 

changes  from  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  F  C2  b2  sometimes  occurs. 
When  the  difference  of  velocity  is  considerable,  the 
upper  water  at  b2  falls  backwards  towards  c2  and  F,  and 
forms  a  bore,  a  splendid  instance  of  which  is  theporo- 
riira,  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  from  six  inches  to 
<  .iir-fifth  of  an  inch  per  mile,  and  the  velocity  from 
about  -2-1  f'rrt  to  4£  feet  per  second. 
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WEIR   CASE,   LONG  AND    SHORT   WEIRS. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  surface  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  luhich  the 
whole  quantity  of  water  flowing  down  ivould  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  channel  in  the 
contracted  pass.  The  sum  will  be  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
formerly  constructed  on  the  river  Blackwater,  at  the 
bounds  of  the  counties  Armagh  and  Tyrone,- half  a 
mile  below  certain  mills,  which,  it  was  asserted,  were 
injuriously  affected  by  backwater  thrown  into  the 
wheel-pits.  The  crest  of  the  weir,  220  feet  long,  was 

2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  from  50  and  57  feet  to  123  feet  in  width,  from  1 
foot  to  14  feet  deep  ;  and  the  fall  of  the  surface,  with 

3  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  summer,  the 
Author  had  to  calculate  the  backwater  produced   by 
different  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise   to   3   feet.      The  width   of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2050  feet  above  the  weir  and  550  feet  below 
the  mills,  was  narrowed  b}r  a  slip  in  an  adjacent  canal 
bank,  to  45  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  slip  widened 
to  80  and  123  feet.  Between  the  mills  and  the  weir 
there  were,  therefore,  two  passes ;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  about 
120  feet  Avide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  55  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  TABLE  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  column. 

As  the  length  of  the  river  was  short,  and  the  hydraulic 
mean  depth  pretty  large,  the  fall  due  to  friction  for  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
slip  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  the  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  friction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  differed 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  from  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  //, 
Fig.  39,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  13G  and  141,  but  when  the  passes  are  very 
near  each  other,  or  the  depth  (L,  Fig.  23,  is  small,  the 
effect  of  the  discharge  through  <J2  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  vis- 
viva  are  then  large,  and  the  head  di  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  A, 
nearly.  The  reduction  in  the  extent  of  the  backwater, 

TABLE   OF   CALCULATED  AND  OBSERVED   HEIGHTS  ABOVE  M'KEAN's 
WEIR,    NEAR  BENBI7RB,    ON  THE  RIVER  BLACKWATER. 


Heights  at 
M'Kean's 

Heights  60  feet  above  the 
weir  channel  ]  20  feet  wide. 

Heights  2050  feet  above 
the  weir  channel  55  feet 
wide  ;  average. 

weir  220  feet 

long, 
in  inches. 

Calculated 

Observed 

Calculated 

Observed 

inches. 

inches. 

inches. 

inches. 

11 

aj 

2i 

4i 

54 

2 

3 

"4* 

"74 

"i 

4 

6 

10 

9 

5 

71 

124 

11* 

6 

9 

9 

15 

16* 

7 

10J 

104 

174 

18J 

8 

12 

20 

204 

9 

181 

124 

224 

20£ 

10 

15 

24i 

20 

11 

161 

27| 

24 

12 

18 

17 

30J 

31 

13 

19J 

184 

825 

33 

15 

224 

21 

37| 

40 

18 

27 

25 

45| 

46 

21 

314 

294 

53 

54 

24 

36 

34 

604 

62 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  g,  Fig.  39,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  will  seldom  exceed  a 
mile  up  the  river,  as  the  surface  inclination  is  found  to 
be  considerably  greater  than  that  due  to  mere  friction 
and  velocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  below,  by  means  of  long  weirs,  extends  its 
effects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half,  TABLE  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  effective  and 
much  less  expensive  than  this  alternative,  with  its 
extra  sinking  up  channel  and  enlarged  weir  basin  for 
drainage  purposes.* 

The  advocates  for  the  necessity  of  weirs  longer  than 
the  width  of  the  channel,  for  drainage  purposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  g,  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  lea>l 
as  far  as  the  district  to  be  benefited.  Practice  lias 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  b  B  E  A  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  l> 
and  A  B  by  increasing  the  hydraulic  mean  depth  ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  E  increased.  When  the  length  of  a 

*  When  this  was  Jir.st  written,  in  1849,  the  Author  was  not 
acquainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  L»w  water  to  admit  ol 
navigation  ;  and  being  removed,  or  falling  level  with  tin-  bottom  bed 
in  Hoods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  basin  a  E  exceeds  that  point  where  these  two  op- 
posite effects  balance  each  other,  there  will  be  a  gain 
by  the  difference  of  the  surface  inclinations  in  favour  of 
the  long  weir  :  but  unless  a  E  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  unless  the  river  be  very  small  indeed  ;  and  if 


the  channel  be  sunk  for  the  long  iveirs  B  A  or  b  a1}  it 
should  also  be  sunk  to  at  least  the  same  depth  and  extent 
for  the  short  weirs  B  e,  b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widening  between  a  b  and  A  B,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  from  a 
to  E  ;  but,  as  before,  unless  a  E  be  of  considerable 
length,  this  gain  will  also  be  small.  Now  A  B,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  E  be  considerable,  there  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referring  to  TABLE  VIII.,  it  will  be  found  that 
for  a  hydraulic  mean  depth  of  5  feet  a  fall  of  7|-  inches 
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per  mile  will  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the  < 
same  velocity  ;  and  for  a  depth  of  only  2  feet  6  inches,  • 
a  fall  of  12^  inches  is  necessaiy.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difference 
in  the  inclinations  for  a  short  distance,  E  a  of  a  few 
hundred  feet,  must  be  small.  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  would  leave  7£  —  2 
=  5%  inches  per  mile,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  5  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  is  absolutely  injurious  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
b  i:  in  the  section,  Fig.  39,  and  a  sudden  overfall,  will 
be  found  more  effective  in  ivdm-ing  the  head,  unless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 
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It  is  a  general  rule  that,  for  shorter  weirs,  the  co- 
efficients of  discharge  decrease  ;  this  arises  from  the 
greater  amount  of  lateral  contraction,  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel  ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients  from  this  cause  is  immaterial,  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length  ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  3  feet  was  '614  ;  for  a  length 
of  6  feet  '539  ;  and  for  a  length  of  10  feet  '534  ; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  u\  be  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion  :  — 

7          J  «« 

a  :  di  :  :  w3  :  w3  ; 
and  therefore 


(135.)  d,  =  X  d. 

Wj/ 

By  means  of  this  equation,  TABLE  X.  has  been  calcu- 
lated ;  the  ratio  —  being  given  in  columns  1,  3,  5  and 

7,  and  the  value  of  (  —  V  ,  or  the  coefficient  by  which 

\W/ 
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F  B  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  F  and  G, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  F  &  c  d  e  G.  This 
shows  that  the  resistances  due  to  friction  anil  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  G,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  TABLE  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — increases  as  the  square  of  the 
velocity;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  3  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — for  a  short  straight 
tube  15  inches  long,  and  1£  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  very 
nearly  "873  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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L,  Fig.  40,  the  coefficient  is  reduced  to  '785 ;  and 
when  bent  at  a  right  angle  as  at  H,  Fig.  40,  the  co- 
efficient is  further  reduced  to  *560.  In  these  respec- 
tive cases  we  have  therefore  * 

v2 

1.  v  =  -873  V2g  h,  and  h  =  1'312  X  ^-l 

«2 

2.  v  =  -785  V  2  g  h,  and  h  =  1-628  x  «-  ; 

•^  9 


3.         t,  —  -560  V  2g  h,  and  fc  =  8-188  x  ~ ; 

z# 
showing  that  the  loss  of  head  in  the  tube  H,  Fig.  40, 

i? 
from  the  bend,  is  1*876  X  — ,  or  nearly  double  the 

^9 
theoretical  head  due  to  the  velocity  in  the  tube.     The 

v2 
loss  of  head  by  the  circular  bend  is  only  '311—  , 

20 
or  not  quite  one-sixth  of  the  other. 

Mr.  Mallet's  experiments  with  a  syphon  tube  6"  X 
1£",  about  3  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  '860  to  *874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments, that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEFGH,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  A 
and  the  departure  at  H;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  the  time  necessary  for  the  discharge  of  a  given 
quantity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
equal  quantity  through  a  curve  of  909  would  be  I'll,  with  a  right 
angle  1-57  5  two  right  angles  would  increase  the  time  to  2*464,  and  two 
curved  junctions  to  only  1'23.  Vide  KEPORT  ON  THE  SUITLY  OF 
WATER  TO  THE  METROPOLIS,  p.  237,  APPENDIX  No.  3. 
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F  c  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  F  and  G, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Fbcdco.  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  G,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  TABLE  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — increases  as  the  square  of  the 
velocity;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  3  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — for  a  short  straight 
tube  15  inches  long,  and  1£  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  v 
nearly  "873  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.,  Fig.  40,  the  coefficient  is  reduced  to  '785 ;  and 
when  bent  at  a  right  angle  as  at  H,  Fig.  40,  the  co- 
efficient is  further  reduced  to  '560.  In  these  respec- 
tive cases  we  have  therefore  * 

vz 

1.  v  =  '873  V  2  g  h,  and  h  =  1'312  X  g-  ; 

2 

2.  v  =  '785  V  2  g  h,  and  h  =  1'623  x     -  ; 


3.         «,  -  -560  V  2  a  h,  and  &  =  3'188  X  5-  ; 

A9 
showing  that  the  loss  of  head  in  the  tube  H,  Fig.  40, 

v2 
from  the  bend,  is  1'876  X  —  -,  or   nearly  double  the 

2# 
theoretical  head  due  to  the  velocity  in  the  tube.     The 


v2 
loss  of  head  by  the  circular  bend  is  only  -311-—  , 

*9 
or  not  quite  one-sixth  of  the  other. 

Mr.  Mallet's  experiments  with  a  syphon  tube  6"  X 
1£",  about  3  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  *860  to  "874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments, that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEFGH,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  A 
and  the  departure  at  H;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  the  time  necessary  for  the  discharge  of  a  given 
quantity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
equal  quantity  through  a  curve  of  909  would  be  I'll,  with  a  right 
angle  1-57  ;  two  right  angles  would  increase  the  time  to  2  '464,  and  two 
curved  junctions  to  only  1'23.  Vide  REPORT  ON  THE  SUPPLY  OF 
WATER  TO  THE  METROPOLIS,  p.  237,  APPENDIX  No.  3. 
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angle,  ABR  for  instance,  and  as  the  square  of  the 
velocity ;  and  that  if  <f>,  4>i,  <t>2>  $3,  &c.,  be  the  number 
<>f  degrees  in  the  angles  of  deflection  at  B,  c,  D,  E,  &c., 


then  for  measures  in  French  inches  the  height  hb,  due 
to  the  resistance  from  curves,  is 


~  8000' 

which  for  measures  in  English  inches  becomes 


and  for  measures  in  English  feet, 
M       7    _«^(si 
hb~ 


266-4 

or,    as  it  may  be   more   generally  expressed  for   all 
measures, 
(139.)     hb  =  (sin.2<£  +  sin.2^  +  sin.2</>2  +  sin.  </>3  +  &c.) 

=   -00375  v2  in 


8-27//    ~  266-4 
feet. 

The  angle  of  deflection,  in  the  experiments  from 
which  equation  (136)  is  derived,  did  not  exceed  36°. 
It  has  already  been  shown  that  the  loss  of  head  from 
the  circular  bend  in  diagram  I.,  Fig.  40,  where  the 
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2 

of    deflection    is    nearly  45°,   is  *311  — —   = 

2  9 

•00483  v*,  but  as  the  sin.  45°  =  '707 ;  sin.245°  =  '5 
then  -00483  tf  =  '00966  v2  x  sin.2  45°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give ;  and  if  it  be  compared  with  Kennie's 
experiments,*  with  a  pipe  15  feet  long,  £inch  diameter, 
bent  into  15  curves,  each  3£  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  '419  to  '370  cubic  feet  per 
minute  in  the  discharge.  See  p.  298. 

Dr.  Young  f  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  and  the 
radius  of  curvature.  In  the  twenty-five  experiments 
made  by  Du  Buat,  he  rejected  ten  in  framing  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely.  Dr.  Young  found 

(140.)  h.  =  -00000*5  X^x.'. 

P 

where  <£  is  the  number  of  degrees  in  the  curve  N  p, 
diagram  2,  Fig.  41,  equal  the  angle  N  o  p ;  p  =.  o  N 
the  radius  of  curvature  of  the  axis ;  hb  the  head  due 
to  the-  resistance  of  the  curve,  and  v  the  velocity,  all 
expressed  in  French  inches.  This  formula  reduced 
for  measures  in  English  inches  is 

(141.)  ^=-000004A»p»x* 

P 
and  for  measures  in  English  feet, 

*  Philosophical  Transactions  for  1831,  p.  438. 

t  Philosophical  Transactions  for  1808,  pp.  173—175. 
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(142.)  hb  :  =  '000006  ^P1*^ 

p 

Equation  (140)  agrees  to  TVth  of  the  whole  with 
twenty  of  Du  Buat's  experiments,  his  own  formula 
agreeing,  so  closely,  with  only  fifteen  of  them.  The 
resistance  must  evidently  increase  with  the  number 
of  bends  or  curves  ;  but  when  they  come  close  upon, 
and  are  grafted  into  each  other,  as  in  diagram  1, 
Fig.  41,  and  in  the  tube  F  B  c  D  E  G,  Fig.  40,  the 
motion  in  one  bend  or  curve  immediately  affects  those 
in  the  adjacent  bends  or  curves,  and  this  law  does 
not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 
the  relation  that  must  exist  between  the  resistance 
and  the  ratio  of  the  radius  of  curvature  to  the  radius 
of  the  pipe.  Weisbach  does,  and  combining  Du  Buat's 
experiments  with  some  of  his  own,  found  for  circular 
tubes, 


048.)     ;,b  =  ix-181  +  1-847  x 

and  for  quadrangular  tubes, 

(144.)    »b  =  A  x  {-124  +  3-104 

in  which  (f>  is  equal  the  angle  N  o  P  =  N  i  R,  diagram.  2, 
Fig.  41  ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  N  o  of  the  axis.     When  -—  exceeds  '2,  the  value 

p 


of  -131  +  1-847     '--     exceeds  -124  +  3'104         . 
\2/>/  \2p 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the  following  table  of  the 
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numerical  values  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  in  cal- 
culating the  values  of  equations  (143)  and  (144),  as 
the  second  and  fifth  columns  contain  the  values  of 

•131  +  1-847  (  ~  ¥,  and  the  third  and  sixth  columns 

(d   \- 
-= —  r,  corresponding  to 
2  p  / 

different  values  of  — ;  and  it  is  carried  to  twice  the 
2p 

extent  of  those  given  by  Weisbach. 

TABLE  OF  THE  VALUES  OP  THE  EXPRESSIONS. 

•131  +  1-147  f  —  }*  and  -124  +  3'104  ( —  \*. 
\2pJ  \ 2pJ 


d 

Circular 

Quadrangular 

d 

Circular 

Quadrangular 

2p' 

tubes. 

tubes. 

2p' 

tubes. 

tubes. 

•1 

•131 

•124 

•6 

•440 

•643 

•15 

•133 

•128 

•65 

•540 

•811 

•2 

•138 

•135 

•7 

•661 

1-015 

•25 

•145 

•148 

•75 

•806 

1-258 

•3 

•158 

•170 

•8 

•977 

1-545 

•35 

•178 

•203 

•85 

1-177 

1-881 

•4 

•206 

•250 

•9 

1-408 

2-271 

•45 

•244 

•314 

•95 

1-674 

2-718 

•5* 

•294 

•398 

1-00 

1-978 

3-228 

•rr 

•JvTfc 

|£O 

For  bent  tubes,  diagrams  3,  4,  and  5,  Fig.  41,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.  If,  as  before,  the  angle  N  i  R  be  put  equal  to 

d 
*  The  values  corresponding  to  —  =  '55  are   '350  and  "507  for  cir- 

2P 
cular  and  quadrangular  tubes. 
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<f>,  i  R  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend,  then,  by  decomposing  the  motion,  the 

head  --  becomes  ~-X  cos.2:  ^  from  the  change  of 
direction ;  and  therefore  a  loss  of  head 

(145.)    7*b  —  (1  —  cos.2  2  d>)  —  —  sin.2  2  </>  — 

'2g  20 

must  take  place.  When  the  angle  is  a  right  angle, 
as  in  diagram  4,  cos.  2  </>  =  0,  and  7*b  -  -  ;  that  is 

to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.  When  the  angle  or  bend  is  acute,  as  in 

diagram  5,  the  loss  of  head  is  (1  +  cos.2  2  <£)  — ,  for 

then  cos.  2  </>  becomes  negative.  Weisbach  does  not 
find  the  loss  of  head  in  a  right  angular  bend  greater 

than  '984  — —  ;  while  Venturi's  twenty-third  experi- 
ment, made  with  extreme  care,  p.  293,  shows  the  loss 

v2 
to  be  1*876  -—.     When  the  pipes  are  long,  however, 

ii2 

the  value  of  —  is  in  general  small,  and  this  correc- 
tion does  not  affect  the  final  results  in  any  material 
degree. 

Rennie's  experiments,*  with  a  pipe  15  feet  long,  | 
inch  in  diameter,  and  with  4  feet  head,  give  the  dis- 
charge per  second 

Cubii' 

1.  Straight,  see  table,  p.  14G  .     .     .     '00699 

2.  Fifteen  semicircular  bends     .     .     "00617 

*  Philosophical  Transactions  for  1831,  p.  438. 
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3.  One  bend,  aright  angle  8£  inches 

from  the  end  of  the  pipe       .     .     "00556 

4,  Twenty-four  right  angles  .     .     .     '00253 
From  these  data  may    be    found   consecutively,   the 
theoretical  discharge   being    '021885   cubic   feet  per 

ir 
second,  and  the  theoretical  head  H—  —  -  ,  that 

%9 
.  _  __  tf 

1.  v  —  '319  V  2  g  H,  and  therefore  H=    9'82  X  5-  . 

£g> 

,  -  V2 

2.  v  =  '282  V  2  g  H,     „  „      H-12'58x^-; 

*9 
_  .  v2 

3.  v  =  '254  v  2  (/  H,  and  therefore  H  —  15'50  x  ^  —  > 

*/ 


4.  v  =  '116  V2<7H,    „  H  =  74-34  x         . 

The  loss  of  head,  therefore,  by  the  introduction  of 

v2 
15  semicircular  bends,  is  2*76  ^  —  ',  by  the  introduction 

t-2 
of  one  right  angle,  5*68  5—  ;  and  by  the  introduction 

i/ 

V2 

of  24  right  angles,  64'52  5—,  or  about  12  times  the 

«7 

loss  due  to  one  right  angle.  This  shows  that  the 
resistance  does  not  increase  as  the  number  of  bends, 
as  was  before  remarked,  p.  275,  when  they  are  close  to 
each  other.  The  loss  of  head  from  one  right  angle, 

2 

5  '68  A—  ,  is  more  than  double  the  loss  from  15  semi- 
*  9 

v2 
circular  bends,  or  2'76  5—.      The  loss  of  head  for  a 


right  angular  bend,  determined  from  Venturi's  experi- 

v2  v2 

ment,  is  1'876  K  —  :  formula  (145)  makes  it  ^r—  ;  and 
2  9  2  g 
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V 
"Weisbach's  empirical  formula,  ("9457  sin.  $  +  2'047 

v2  v2 

sin.*  <£)  g— ,  makes  it  only  '984  ^— .       The  formulae 

y  y 

now  in  use  give,  therefore,  results  considerably  under 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  of  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  well  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH   PIPES. 

When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  B,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


the  upper  branches  in  the  case  of  supply ;  and  when 
the  branch  pipe  draws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  only  in  the  motion  bein< 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  b  b,  and  then  carried  on  in  any 
given  direction.  The  loss  of  head  arising  from  change 
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V2 
of  direction,  equation  (145),  is  sin.2  2  (f>  ~ — ,  in  which 

y 
2  <f>  =  angle  ABO;  but  as  in  general  2  $  is  a  right 

angle  for  branches  to  mains,  this  source  of  loss  becomes 

.2 

then  simply    ~ — .     In  addition  to  this,  a  loss  of  head 

*/ 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  unite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  off,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genie ys,  to  be  about  twice  the  theoretical 

2  v2 

head  due  to  the  velocity  in  the  branch,  or  x — >    so 

u 

that  the  whole  loss  of  head  arising  from  the  junction  is 

v2     2 i/2     3  v2 

o~+o — =  o — » 01*  three  times  the  theoretical  head  due 

to  the  velocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The  actual  loss  is,  however, 
very  uncertain  ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

v2 
three  times  5 —  is  in  general  so  comparatively  small, 

t/ 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  B,  or  height  of  the  surface  of  the  reservoir 
over  it ;  liA  for  the  fall  from  B  to  A  ;  /<d  for  the  fall 
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from  B  to  D  ;  I  equal  the  length  of  pipe  from  B  to  the 
reservoir  ;  l&  equal  the  length  B  A  ;  ld  equal  the  length 
B  D  ;  r  equal  the  mean  radius  of  the  pipe  B  c  ;  ra  the 
mean  radius  of  the  pipe  B  A  ;  rd  the  mean  radius  of 
B  D  ;  v  the  mean  velocity  in  B  c  ;  va  the  velocity  in 
B  A  ;  and  vd  the  velocity  in  B  D,  we  then  find,  by  means 
of  equation  (73),  the  fall  from  the  reservoir  to  A 
equal  to 


x  ; 


•(146.)    MA 

the  fall  from  the  reservoir  to  D  equal  to 
(147.)     h+  /.„  =(<•,  +  ct  x  i)  fy+  (l  + 

and,  as  the  quantity  of  water  passing  from  c  to  B  is 

equal  to  the  sum  of  the  quantities  passing  from  B  to 

A  and  from  B  to  D, 

(148.)  v  r*=v>r*+v&rl 

By  means  of  these  three  equations  any  three  of  thi- 

quantities  li,  7fa,  hd,  r,  r&,  rd,  b,  b^  ba,  can  be  found,  the 

others  being  given.     Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  cr,  the  coefficient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  will  then  become 


(148A.) 
and 

(149.) 

The  mean  value  of  ct  for  a  velocity  of  4  feet  per 

second  is  '005741,  and  of  P-,  '0000891.     The  values 

i/ 

for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  friction  given  at  p.  229.     When  I,  li, 

and  r  are  given,  the  velocity  v  can  be  had  from  the 

/ 

(2  or    r  7iVv 
—  X  —r  I,  or  more  immediately  from 

TABLE  VIII. 


GENERAL   EQUATION   FOR   THE    MEAN   VELOCITY. 

A  general  equation  for  finding  the  whole  head  H, 
and  the  mean  velocity  v,  in  any  channel ;  and  to 
extend  equations  (73)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

h,  and  the  corresponding  coefficient  by  c, ; 

ht  the  head  due  to  friction,  and  ct  the  coefficient  of  friction  ; 

hb  the  head  due  to  bends,  and  cb  the  coefficient  of  bends  ; 

he  the  head  due  to  curves,  and  ce  the  coefficient  of  curves  ; 

Ti,  the  head  due  to  erogation,  and  c.  the  coefficient  of  erogation  ; 

7tx  the  head  due  to  other  resistances,  and  e,  their  mean  coefficient 

then  evidently 

1? 
(150.)  H  =  ht  +  Jit  +  Jib  +  hc  +  he  +  7ix  +  ^ ; 

that  is  to  say,  by  substituting  for  JiT,  ht,  &c.,  their 
values  as  previously  found, 
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or,  more  briefly, 

(151.)     H=(l  +  cr  +  ct  x  r  +  cb  +  cc  +  ce  -+ 

from  which  may  be  found 


(152.)     v  = 


Cl  +  ctxlr 


It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  found 

(  2  tf  r  H  ")  ?, 
in  general  equal  to        "~~7T7  —  (  2'  as  *ne  other  resist- 

ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  friction,  and  may  be  rejected  without 
error  ;  but,  as  before  stated,  it  is  advisable  in  practice, 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  ct,  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half. 
See  TABLE  XIII. 

In  equations  (74)  and  (151),  the  coefficient  of  fric- 
tion cf  depends  on  the  velocity  v,  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p.  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (83),  then,  when 
n  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

(a  v  +  b  V*)  j  +(l+cr)  2^  +  h  =  H, 
a  quadratic  equation  from  which  is  found 

(  yaJ     _  \*  H 

T  f 


(1  +  c,)r  +  '2gbl 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).     If  now  cs  be  put  equal  to  cr  +  cb 
+  cc  +ce  +  cx,  in  equation  (151)  we  shall  find 
052A.)    v-J     te-ft)2^    +  /    _  .__9^___      V»U- 

\(l+cjr  +  2gbl  J    I         (l+c 


for  a  more  general  expression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  =  '0000223  and  6  =  -0000854,  may  be  taken, 
which  correspond  to  those  of  Eytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures  ;  but  the  value  of  b  in  equation  (83), 
for  measures  in  metres,  must  be  divided  by  3'2809  to 
find  its  corresponding  value  for  measures  in  English 

v2 
feet.     In  considering  the  head  £—  cr,  due  to  contrac- 

i/ 

tion  at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  b,  equation  (83),  Eytel- 
wein is  certainly  more  correct  than  D'Aubuisson,  Traite 
d'Hydraulique,  pp.  223  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  friction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

t-2 

head,  (1  +  cr)  ~  —  ,  deducted  to  find  the  head  due  to 
y 

friction  and  thence  the  hydraulic  inclination.  The 
following  values  of  a  and  b  were  those  taken  in  the 
equations  referred  to. 
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VALUES    OF  a  AND   b  FOR    MEASURES    IN    ENGLISH   FEET. 

a.       b. 

Equation  (88.)  '0000445  '0000944 

(90.)  '0000173  '0001061 

(94.)  -0000243  '0001114 

(98.)  '0000223  '0000854 

(109.)  '0000189  '0001044 

(111.)  -0000241  '0001114 

(114.)  -0000035  '0001150 

Mean  values  for  all  ^ 

straight  channels,  I '0000221     '0001040 
pipes,  or  rivers    . ) 
These  mean  values  of  a  and  b  give  the  equation 

r  s  =  -0001040  v   +  '0000221  v, 
from  which  we  find 

9615  r  s  =  v   +  -21  v, 
and  thence 


(153.)   v  =  (9615  r  s  +  'Oll^-'lOS  =  98  Vr  s  -'1, 
very  nearly,  suited  to  velocities  of  about  2  feet,  p.  231. 

HYDROSTATIC  AND   HYDRAULIC  PRESSURE. — PIEZOMETER. 

When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surface  is  proportionate  to  the 
head  at  its  centre,*  measured  to  tin1  suvl'acc,  and  i- 
expressed  in  Ibs.  for  measures  in  feet,  by  62'5  n  s,  in 

*  This  is  only  correct  when  the  surface  is  :,mall  in  depth  compared 
with  the  head.     If  n  be  the  depth  of  a  rectangular  surface  in  IV 
also  the  head  of  water  measured  to  the  lower  horizontal  edge,  then  the 
pressure  in  Ibs.  is  expressed  by  31 J  HJ  ;  and  the  centre  of  pressure  is 
at  Jrds  of  the  depth. 
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which  H  is  the  head,  and  s  the  surface  exposed  to  the 
pressure,  both  in  feet  measures.  This  is  the  hydro- 
static pressure.  In  the  pipe  A  B  c  D  F  E,  Fig.  43,  the 
pressure  at  the  points  B,  c,  D,  r,  and  E,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  B  b,  c  c,  D  d, 
F/,  and  E  e,  if  all  motion  in  the  tube  be  prevented  by 


stopping  the  discharging  orifice  at  E.  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic ;  but  if  the 
discharging  orifice  at  E  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  B,  c,  D,  F,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  friction, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  A, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hydraulic  pressure. 

Bernoulli  first  showed  that  the  head  due  to  the 
pressure  at  any  point,  in  any  tube,  is  equal  to  the 
effective  head  at  that  point,  minus  the  head  du&  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  the  hydrostatic  head,  and  by 
representing  the  former  by  het  and,  adopting  the  nota- 
tion in  equation  (150), 

^ef  =  H-(//r  +  /?f  +  hc  +  &c.), 

x  2 
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and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(153A.)     Jip=Jiet-        =v-(hT+h(  + 


. 

If  small  tubes  be  inserted,  as  shown  in  Fig.  43,  at 
the  points  B,  c,  D,  and  F,  the  heights  B  ft1,  c  c1,  D  dl, 
F  f1,  to  which  the  water  rises,  will  be  represented  l>y 
the  corresponding  values  of  hp  in  the  preceding  equa- 
tion ;  and  the  difference  between  the  heights  c  c1,  F  f1, 
at  c  and  F,  for  instance,  added  to  the  fall  from  c  to  F 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  F.  When  H  =  E  e,  and  the 
orifice  at  E  is  open,  from  equation  (150),  H  =  /?r  +  /ff 

0 
+  ^b  +  ''c  +  &c-  +    9  —  >    and    therefore    //p    :  :    0, 

y 
that  is,   the  pressure   at   the   discharging   orifice   is 

nothing. 

The  vertical  tubes  at  B,  c,  D,  F,  when  properly 
graduated,  are  termed  piezometers  or  pressure  gauges  ; 
they  not  only  show  the  actual  pressure  at  the  points 
where  placed,  but  also  the  difference  between  any  two  ; 
r>  dl  —  B  bl,  for  instance,  added  to  the  difference  of 
head  between  D  and  B,  or  D  d?  will  give  D  dl  —  B  61 
+  D  fZ2  for  the  head  or  pressure  due  to  the  resistances 
between  B  and  D.  This  instrument  affords,  perhaps, 
the  very  best  means  of  determining  the  loss  of  head 
due  to  bends,  curves,  diaphragms,  &c.  The  loss  of 
head  due  to  friction,  bend,  diaphragm,  &c.,  between 
K  and  L,  Fig.  43,  is  equal  to  K  k  —  L  Z  -f  K  v.  If  M 
be  the  same  distance  from  L  as  K  is,  L  I  —  M  m  will  be 
the  height  due  to  the  friction  (L  and  M  being  on  the 
same  level)  ;  therefore  K  k  —  L  I  -f  K  v  —  L  I  +  M  m 
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=  K  fc  -f*  K  t?  -h  M  m  —  2  L  Z  is  the  head  due  to  the 
diaphragm  and  bend  both  together.  If  the  diaphragm 
be  absent,  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  E,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero ;  but 
when,  as  at  G,  it  is  only  partly  open,  this  is  no  longer 
the  case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  full  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
G,  will  give  this  pressure  ;  and  the  difference  between 
it  and  the  whole  head  will  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  from  which,  and 
also  the  length  and  diameter,  the  discharge  may  be 
calculated  as  before  shown.  Again,  by  means  of  the 
head  M  m1,  and  that  due  to  the  velocity  of  approach, 
the  discharge  may  be  found  through  the  diaphragm  G  ; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other  ;  and  in  this  way  the 
formulae  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  A  c  D  E,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c1 ;  for  by  putting  the  whole  fall  from  c1  to  E  equal 

f  2  q  r  nh  i 

to  H£,  then,  disregarding  bends,  v  =  \  -  — n —  r ,    in 

(     ctLc     )    ' 

which  l\  =  c  E.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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of  bends.     If  the  bend  at  D  were  taken  into  considera- 

(      2  a  H* 
tion,  then  v  =  ] 


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  o  c  R 
in  diagrams  1,  2,  3  and  4,  Fig.  43a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  c  R. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  R;  and  when  below  R, 
7?i  =  k  +  /,  or  the  difference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
syphon  is  the  head.  It  is  advisable  to  have  the  lower 
end  R  immersed,  and  hence  c  R  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  from  the  syphon  o  c  r, 
as  well  as  at  R  from  the  syphon  OCR,  but  with  the 
difference  of  velocity  due  to  the  heads  at  r  and  R. 
The  lengths  of  the  arms  c  o,  c  R,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon;  in  2  below 
it ;  in  3  above  it.  In  diagram  4  the  anus  of  the 
Bjphon  are  of  the  same  length  and  the  orifice  of  entry 


ORIFICES,    WEIRS,   PIPES,    AND  RIVERS. 


311 


o  and  of  discharge  R  at  the  same  level.  The  water  in 
both  vessels  finally  settles  at  a  common  level  T  T1,  and 
fills  the  syphon  all  round  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  T  T1. 

In  calculating  the  discharge  the  circumstances  to  be 
considered  are  :  The  available  or  effective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  E  ;  the  length ;  the  hydraulic  mean  depth  of  the 
section, — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  o  and  R  to  suit  the 
form  o  c  R  of  the  weir.  If,  as  like  in  formula  (68)  to 
(70L),  a  be  put  for  the  area  of  the  section,  then 

(  cd  a  V  2  g  /,  or 
(154.)       D  -    <  481*5  cd  a  "*/~ft  feet  measures  in  one 

(  minute, 

in  which  the  value  of  cd  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  cd  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined  ; 
the  effects  of  bends  are  considered  pp.  291  to  300, 
and  taking  both  together  cd  can  be  found  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works  —  be  50  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12£  mean 
diameters,  then  the  table  p.  199  gives  '759  for  the 
value  of  cd  in  a  straight  tube.  Taking  the  coefficient 
due  to  the  bend  at  about  "867,  the  value  of  cd  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  '759  X  '867  or  '658.  Hence  eqn.  (154) 
becomes  in  round  numbers 

/D  —  317  a  V/.     for  a  length  of    50  mean 
radii;  also  may  be  found 

/1K.  .  J  D  =  298  a  V/  for  a  length  of  100  mean 
(154A.)  ]  ' 

radii;  and 


D  =  268  a  Nfor  a  length  of  200  moan 
v  radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  WEALE'S  QUARTERLY  PAPERS  OF  KM.  INKI.I;  INC. 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  datrd  10th  Aii^.. 
1843,*  addressed  to  Major-General  Sir  John  F.  Bur- 


*  At  this  time  Sir  John  evidently  appears  to  have  lost  faith  in 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  tin  self- 
of  tin  Shannon  Commissioners  on  this  hobby  of  theirs. 


ORIFICES,    WEIRS,   PIPES,    AND  RIVERS. 


313 


goyne,  E.E.,  then  Chairman  of  the  Board  of  Public 
Works  in  Dublin,  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  sj^phon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
30  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  3,  Fig.  43a,  but  "slightly  bell-mouthed"  at  the 
"  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  24  cubic  feet  of  water  from  each 
with  the  same  heads  was  as  follows  : — 


Heads  in  inches. 

Time  in  seconds 
for  syphon. 

Time  in  seconds 
for  straight  tube. 

10J 

13i 

78 
67i 

67 
59 

The  head  of  10^  inches  gives  by  calculation  from 
these  experiments,  '860  for  the  coefficient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  13^ 
inches,  a  coefficient  of  '874 ;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefficient  '658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  '850  as  due  to  a  lesser  head,  this  gives 
'774  for  that  due  to  friction  and  the  orifice  of  entry. 
Another  experiment,  with  a  head  of  11 1  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.  This  is 
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equivalent  to  a  coefficient  of  "636  for  all  resistances, 
and  dividing  by  '860  for  the  bend,  '740  is  found  for  the 
friction  and  orifice  of  entry.  Again 


Experiments,  discharge  of 
24  cubic  feet. 

Calculated  results. 

Heads  in 
inches. 

Time  in 
seconds. 

General 
coefficient. 

Coefficient 
for  bend. 

Coefficient 
for  friction 
and  orifice. 

12J 
13 
144 

75i 
73 
67i 

•632 
•631 
•640 

•860 
•860 
•874 

•738 
•734 
•732 

The  effective  head  here  to  calculate  the  results  from, 
exceeds  by  f  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  \>y 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  '636,  the  discharge  is  expressed  by  the 
equation 

(154s.)  D  =  481-5  x  -636  a  VJ=  306  a  \Tf, 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154 A)  by 
about  83  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
>urplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  the  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Lcs  Barrages  Hausses 
1ms  been  already  entered  into  at  p.  291. 
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SECTION  XII. 

RAIN-FALL. CATCHMENT     BASINS. DISCHARGES      INTO 

CHANNELS. — DISCHARGE    FROM    SEWERS. LOSS    FROM 

EVAPORATION,  ETC. 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  hills,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,544  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  cceteris  paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

THE  QUANTITY  OF  RAIN  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  34  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  35  inches ;  in  Killaloe, 
average  of  17  years,  43  inches ;  in  Galway,  average  of 
11  years,  46  inches ;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches  ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5*082  inches.  "  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows  : — October,  3*060  ;  August,  2*936  ;  January, 
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TABLE  of  some  Catchment  Satins  in  Ireland. 


Names  of  Drainage  districts, 
or  Rivers. 

Counties  or  Towns. 

O   O  Q 

all 

0 

Area  of 
Catchment 

iuaro 

Avonmore  
Avoca  River  .... 
Ballinasloe  .  .  .  . 
Barrow,  Nore,  and  Suir 

Wicklow  and  Wexford      .    . 
Wicklow  
Mayo  
Waterford       .... 

128,000 

70,000 
2,176,000 

200- 

an- 
no- 

3400- 

Blackwater  and  Boyne     .    . 
Blackwater    .... 
Blackwater        .         .        .     . 
Blackwater    .... 
Bandon  River    .        .        .     . 
Bann,  Upper  and  Lower,  and 
the  Main         .        .        .     . 
Boyne     ..... 

Meath.  &C.         .        .        .    . 
Waterford,  Youghal 
Armagh     
Meath  and  Kildare 
Cork  

Down,  Antrim 

695,040 
780,160 
336,640 
50,000 

14.;,'.'20 

810,240 

1086' 
1219- 
526- 
78-1 

Brusna  (Ferbane)  .  .  . 
Bally  teigue  .... 
Ballinamore  and  Ballyconnel 

Breeogue  
Ballinhassig  .... 
Cappagh  
Coolaney  .... 

and  King's      .        ... 
King's     
Wexford    .        .                 .     . 
Cavan,  Fermanagh,  Leitrim, 
and  Roscommon 
Sligo  
Cork        
Galway      ..... 
Sligo               .... 

304,139 

101,455 
180,408 
23,500 
34,85t> 

41-8 
158-5 

367 
64'4 

141-8 

Camoge  
Duumore  .... 

Dodder       . 
Deel        .... 

Limerick    
Galway,  Mayo,  and  Roscom- 
mon     
Dublin        

61,184 
96,161 
64  000 

95-6 

150-2 
55- 

100" 

Dee  
Erne  
Foyle  
Fergus  
Fane  
Glyde  

Inny  

Kilbeggan  .... 
Liffey  and  Tolka 

Louth  and  Meath      .        .     . 
Belturbet,  Enniskillen  . 
Londonderry     .        ... 
Clare  and  Galway  . 
Louth         
Louth,    Meath,    Monaghan, 
and  Cavan  .... 
Meath,    Westmeath,     Long- 
ford, and  Cavan  . 
Westmeath  and  King's     .     . 

78,000 

944,ti40 
134,400 

17C,S10 
881,116 

in  -9 

1585- 

uw 
no- 

136-6 
276-3 

301  -1 
137-5 
513-0 

Lee  

Cork                     .... 

Lough  Gara  and  Mantua  .    . 
Loughs  Oughter  and  Gowna 
and  River  Erne  . 
Lough  Neagh  and  Bann  .    . 

Lough  Mask  and  River  Robe 
Loughs   Corrib,  Mask,  and 
Carra   .        . 

Roscommon,  Mayo,  and  Sligo 

Cavan,  Leitrim,  and  Longford 
Londonderry,  Antrim,  Down, 
and  Armagh 
Mayo  and  Galway     .        .     . 

780,000 

407' 

ins  -7 

Longford   . 
Moy        
Main  . 

Longford    
iiallina 

Monivca  

.... 

(iiilway   
Down         

M":ltll 

84-4 

. 
Quisle         
Kinn  and  Black  River  . 
Strokestown      .        .         .     . 
Shannon  above  Killaloo 

Slan»y        

H.iWIl               

Loitrim  and  Longford  . 
Roscommon      .        ... 
Different  counties,  towns  of 
te,  Limerick     . 
1     

115-6 
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TABLE  showing  Summer  DiscJutrges  of  some  English  Rivers,  as  col- 
lected from  various  authorities,  re-arranged,  showing  to  some  extent 
the  effect  of  Springs  in  supplying  Channels  in  different  places. 


<B 

!« 

r—     O 

—  3 

11 

_0 
0,°** 

||  a 

01 

11 

.si 

O  .5   £ 

§  ^  a 

5s 

NAMES  OF  RIVERS. 

•Si's 

H  ' 

ill 

1C  *0   fl 
Q         CS 

~3§ 

•3  g 

oS 

^    <D    QJ 

D-S   g 

c3  c8  f-1 

H 

"c!  D* 
O  « 

11 

5  1| 

gift 

• 

Valley.    Hill. 

s 

S° 

a 

'" 

Gade,    at    Hunton 

Bridge,  chalk     . 

150  to  500 

69-5 

2,500 

36-2 

8-19 

Lea,  at  Lea  Bridge, 

chalk.     (Rennie, 

April,  1796) 

30  to  600 

570-0 

8,880 

15-58 

3-53 

Loddon  (Feb.  1850), 

green  sand     .  .  . 

110  to  700 

221-8 

3,000 

13-53 

3-01 

25-4 

Medway,  driest  sea- 

sons      (Rennie, 

1787),  clay 

481-5 

2,209 

4-59 

1-04 

Medway,    ordinary 

summer          run 

(Rennie,     1787), 

clay  . 

481-5 

2,520 

5-23 

2-19 

Mimram,    at    Pan- 

shanger,  chalk   . 

200  to  500 

29-2 

1,500 

51-4 

11-58 

26-6 

Nene,    at  Peterbo- 

rough,     oolites, 

Oxford  clay,  and 

lias        .         .     . 

10  to  600 

620-0 

5,000 

8-45 

1-88 

23-1 

Plym,  at  Sheepstor, 

granite 

800tol,500 

7-6 

500 

71-4 

15-10 

45-0 

Severn,    at    Stone- 

bench,  silurian  . 

400  to  2,  600 

3,900 

33,111 

8-49 

1-98 

Thames,  at  Staines, 

chalk,  green  sand, 

Oxford  clay, 

oolites,  &c.    .     . 

40  to  700 

3,086 

40,000 

12-98 

2-93 

24-5 

Trent,  at  its  mouth, 

oolites    and  Ox- 

ford clay    . 

100  to  600 

3,921 

Verulam,  at  Bushey 

Hall,  chalk 

150  to  500 

120-8 

1,800 

14-9 

3-37 

Wandle,  below  Car- 

shalton,  chalk    . 

70  to  350 

41-0 

1,800 

43-9 

9-93 

24-0 

318  THE  DISCHARGE  OF   WATER  PROM 

2-544;  April,  2'503 ;  November,  2'300 ;  July,  2-116; 
June,  2-005;  December,  1'938;  September,  1'860 ; 
May,  1-814;  March,  1*739;  February,  1-534."*  A 
gauge  at  Londonderry,  1795  to  1801,  gives  31  inches 
average  ;  one  at  Belfast,  from  1836  to  1841,  gives  35 
inches ;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1839  and  1840,  there  is  an  average  of  33 
inches ;  and  at  the  College  of  Surgeons,  52  feet  over 
low  water,  the  average  is  30  inches  for  the  same  two 
years.  Sir  Kobert  Kane  assumes  that  36  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  pails  of  Westmoreland  it  r. 
sometimes  to  140  inches ;  in  London,  an  avei . 
of  20  years'  observations  gives  a  fall  of  nearly 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Rennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  th< 
chalk  and  mountain  limestone  formations  on  the 
springs  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statist i<  s. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
tliis  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  useful  account  for  science. 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  v.,  p.  18. 
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Thorough- drainage  increases  the  supply  and  dis- 
charge. Every  catchment  basin  has,  however,  its  own 
peculiar  data,  and  a  knowledge  of  these  is  necessary 
before  we  can  draw  any  correct  conclusions  for  new 
waterworks  in  connection  with  it.  It  may  be  remarked, 
however,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
tricts, are  wholly  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  rivers,  is  always  more  rapid  than  into  main 
channels  and  rivers  in  flat  districts,  and  the  supply 
from  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  however,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  fully  described. 

Forty  years'  observation  at  Greenwich,  Kent,  at  155 
feet  above  the  level  of  the  sea,  gives  the  following 
results : — 


Description  of  fall. 

Winter. 

Spring. 

Summer. 

Entire 
years. 

inches 

inches 

inches 

inches 

Mean  annual  fall  .        .         .     . 

7-86 

7-25 

10-47 

(25-48 
|  25-58 

Maximum  fall  ;  being  a  mean  of 

five  of  the  wettest  years  during 
forty  years      .... 

11-05 

10-86 

14-96 

I  34-00 
|  36-87 

Minimum  fall  ;  being  a  mean  of 

five  of  the  driest  years  during 

SI  Q-Afi 

forty  years         .         .         .     . 

5-22 

4-05 

6-80 

16-07 

In  this  table  Winter  comprises  November,  December, 
January,  and  February;  Spring,  the  next  four  months  ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years  :  the  first  figures  showing  the  ordinary 
years  from  January  to  December,  and  the  second, 
under  the  first,  years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fully  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  all  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  surface  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Heavy  Reservoir  ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one  -half  of  the 
whole  rainfall  is  probably  available.  Mr.  Manning 
found  for  the  Woodburne  river,  with  a  rainfall  of  36 
inches,  a  flow  of  21*5  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows  :  — 

Six  months,  November  to  May,  14*766  fall,  and 

14-351  flow  ; 

Six  months,  May  to  November,  21  '101  fall,  and 
7-357  flow. 

In  Keswick,  the  average  fall  is  said  to  be  67£  inches, 
and  in  Upminster,  Essex,  only  19£  inches.  Indeed,  it 


*  See  Mr.  James  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1857,  p.  115. 
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is  requisite  to  obtain  the  fall  from  observation  for  any 
particular  district,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  in  a 
series  of  years  and  months  in  each  year. 

Mr.  S}-mons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  rain  during  1859 : — 
Wandsworth,  June  12th,  2'17  inches  in  two  hours; 
Manchester,  August  7th,  1'849  inches  in  twenty-four 
hours;  Southampton,  September  26th,  2*05  inches  in 
two-and-a-quarter  hours;  Truro,  October  25th,  dur- 
ing the  day,  2'4  inches.  The  mean  falls  in  the  South 
Western  Counties,  39*1  inches ;  in  the  South  Eastern 
Counties,  30*2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25*4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  39  inches ;  in  the  Northern  Coun- 
ties, 55  inches  ;  and  the  average  of  all  England,  31*857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holborn  and 
Finsbury  sewers'  district,  on  the  1st  of  August,  1846 ; 
at  Highgate,  3'5  to  3'3  inches  ;  and  at  Greenwich, 
0'95  inches.*  In  India,  the  intensity  of  the  rain-fall 
varies  from  half  an  inch  to  5  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairneld,  Balton,  Rocksdale,  Marple,  Comlis  reser- 
voir, Belmont,  Chapel-en-le-Frith,  and  Whiteholme 

*  Metropolitan  Main  Drainage  Report,  p.  16. 

t  Report  on  the  Supply  of  "Water  to  Manchester. — WEALE. 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61*4  inches  at  Belmont  Sharpies  in  1847,  and  a 
minimum  of  24'8  at  Whiteholme  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42'49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  month,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basin  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaries,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  flat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Reservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls,  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  flatter  districts  ;  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  fall. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  43,560  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  8,630  cubic  feet  per  acre,  and  to  3,630  X 
640  =  2,323,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  MJIKIIV  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  full  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  53  cubic  feet  per  minute  constantly 
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for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  collected  per  square  mile,  and  1  inch  of 
rain  collected  from  each  square  mile  of  catchment 
gives  a  supply  of  4'42  cubic  feet  per  minute,  and 
6*9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 

FLOW  EQUIVALENT  TO  A  RAIN-FALL  OF  ONE  INCH  ON  EACH  SQUAUK 
MILE,  AND  1000  ACRES,  FLOWING  REGULARLY,  WITHOUT  LOSS,  FOK 
ONE  MONTH  TO  ONE  YEAR. 
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It  is  too  often  taken  for  granted  tnat  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
channels,  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registry  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  fall  in  any  hour  of  any  year  seldom 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  }rears.  The  quantity  which  falls  will 
not  he  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  will  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  be  known  before  the  proper  size  of  a 
new  channel  can  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufficient  to  discharge  the 
water  from  200  acres  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
the  same  district,  for  the  discharge  from  the  outlying 
190  acres  will  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
in  Ireland,  was  furnished  to  the  Royal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  Sills 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall  on  the  sills  is  the  sum  of  the 

*    Vol.   iv. 


ORIFICES,  t   WEIRS,   PIPES,   AND  RIVERS. 


32 


gj 

Number  of  days  in  which  the 
Wind  was 

•AWOX 

Jg     00     O     O     to 

00 
00 

CM 

•m 

O     rH     t-     O     t- 

1 

$ 

•*mnoS 

^O     rH     t~     O     00 

1 

3 

•q^nog 

O     CM     CO     fr-     1^- 

^5    o    >o    to    to 

I 

HO 

to 

•3  qjnog 

^o    t-T   to   os    co 

1 

NX 
00 

*lSt?5I 

S  3  S  8  S 

fc 

55 

ob 

*3  tllLlONJ 

^      GS»      fH      ^      <N 

CO 
00 

o 

•WOK 

O     o     GO     rH     iO 
^     SO     C5     O     "^f 

(M 

s 

RIVER  SHANNON. 

Total  Rise  and  Fall  of  the 
Shannon  during  each  year  ; 
being  the  sums  of  the  rise  or 
fall  for  each  month. 

a            1 
§ 

.9     0>     0     r?    •* 

-W     00     •*     rH     i>- 
fH     rH     CM     «     CM 

CM 

c. 

CM 

h 

|                        0 

3         2 

^'     •*     t-     r?    0 

Hn 

O 

§ 

mo 

00 
CM 

OQ                   ^ 

.2    °o    o    oo    o 

o 

rH 

& 
ft             s 

.9     "-"     00     CM     >0 

CO 
•-O 

to* 

fJHis« 
fl*f  H 

•niBH  ^neq^jAV 

O     ^     CM     CO     ^ 

•urea  miM 

O     O5     »O     rH     CO 

•UIBJ  ^noq^LSi  s.fep  jo  asqranx 

j?     I~     1-     Oi     to 

0 

jW 

rH 

sAissaoons  auo  m  jpsj  ^saj^gjf) 

£     rH     rH     O     rH 

10 

3 
H 

Quantity  which 
fell  each  year. 

"3 
1 

S     O     t-     O     CO 
S     Oi     CO     O     -<J1 

o    i    cq    cV>    co 

fl     O)     CO     CM     CO 

rH 

O 
CM 

1 
1 

2 

S    ^-    o    o    h— 

^q     Oi    »ri    O    t— 

O5 
CO 

8 

CM 
CM 

1 

Q      CM     t—      O      tO 

0     Tl>     •*     CM     if- 
H     rH     rH     rH     i-H 

o 
T* 
02 

CO 

1 

B 

«3     tD     >^     GO 

00     CO     CO     CO 

It 

Pr! 

326  THE  DISCHARGE  OF   WATER  FROM 

monthly  risings  and  fallings  for  each  year,  and  must 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sill,  and  3  feet  11^  inches  at  the 
lower  sill.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  sill ;  and  5  feet  6£ 
inches  on  the  lower  sill,  in  August. 

Upper  Sill.  Lower  Sill. 

Maximum  rise  iu  Maximum  rise  in 

one  month.  one  month. 

1845  .     .     .     2  ft.  9  in.  January  .     .     .     3  ft.  Hi  in.  January. 

1846  .     .     .     2  ft.  5  in.  October  .     .     .     5  ft.    6£  in.  January. 

1847  .     .     .     3  ft.  1  in.  November  .     .     .     4  ft.    6    in.  May. 

1848  .     .     .     3  ft.  3  in.  February  .     .     .     4  ft.  11    in.  February. 

The  sum  of  the  risings  and  fallings  for  each  month, 
taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  sill,  is  about  1  foot  3|  inches  each 
way,  and  1  foot  lOf  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  difference 
of  level  in  the  Shannon  above,  and  3  feet  9|  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  -sometimes  6  inches  in  24  hours,  calculated  at 
'568  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  Killaloe,  the  catchment  is  3611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  '296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
rUcii  12  inches,  or  "6  inch  of  rain  over  the  catchment 
in  one  day.  "  The  greatest  observed  flood  in  the 
Shannon  occurred  in  January,  1853,  when  the  dis- 
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charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  *699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1851  gave  13*02  cubic  feet  per  minute  for  each 
ncre."* 


MAXIMUM  DISCHARGES  OF  THE  SHANNON  AND  ERNE,    AND  A 
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Upper  Erne,  measured  during 

the  very  high  floods  of  Jan. 

1851,  at  Belturbet  . 
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These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  in  the  same 
course ;  and  with  the  climate,  also,  in  different 

*  Vide  Proceedings  of  the  Institution  of  Civil  Engineers,  Ireland, 
vol.  v.  pp.  165  and  166,  and  Paper  read  by  Thomas  J.  Mulvany,  llth 
February,  1851,  vol.  iv.  p.  21. 
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countries.  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cuhit  feet  per  minute 
per  acre,  the  lesser  maximums  being  due  to  broad 
flat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  the  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,433 
acres,  for  three  months,  ending  March  13th,  1851, 
was  1'49  to  1  up  to  January  13th ;  1'39  to  1  up  to 
February  13th;  and  3'86  to  1  up  to  March  13th, 
making  a  general  average  of  I' 59  to  1  ;  the  whole 
rain-fall  for  the  three  months  being  only  5*89  inches, 
while  the  discharge  was  9'35  inches  !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,813  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-fall  from  which 
to  calculate  the  difference  due  to  it  per  sc  for  the  three- 
months  ;  nor  is  the  place  or  method  of  <inu<i'in<i  stated. 
The  supply  from  springs  and  the  actual  discharge 
before  and  after  rain-fall  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time,  can  be  properly  estimated  ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  otV.  estimated  over  the 
catchments,  include  the  flow  before  the  commencement 
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of  the  rain.     If  so  the  results  are  so  far  useless ;  and 
if  they  do  not  include  it,  there  must  be  an  error  some- 

READ   llTH   MARCH,    1851. 
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where.  Indeed,  hi  the  Eobe  we  have  evidence  that 
not  more  than  58  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh's  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  in  July, 
1850,  it  is  shown  that  in  the  Lannagh  district  only 
'53  inch  in  depth  passed  off  the  catchment  from  a  fall 
of  1*83  inches,  or  about  one-third  of  the  depth.  The 
method  of  determining  this  was  unobjectionable. 
Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  gauging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy  ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  the}'  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845   up   to   the   year 
1853,  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  by  us  from  a  paper  by  Mr.  Betagh,  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.  In  January  1851,  3'41  inches  of  rain 
fell  in  seven  days,  producing  the  maximum  discharge 
of  85,836  cubic  feet;  while  in  December  1852,  3'17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.  At  the  beginning  of  the  first  fall 

TABLES  showing  in  detail,  for  the  years  1851  and  1852,  the  Monthly 
Fall  of  Rain  and  the  corresponding  Discharge  of  the  River  Robe,  at 
Ballinrobe,  County  Mayo  ;  the  catchment  basin  being  70,000  acres,  or 
110  square  miles ;  the  lower  end  100  feet,  the  upper  end  336  feet;  and 
the  average  height  of  the  surface  about  180  feet  above  the  level  of  the 
sea.  The  average  fall  of  the  river,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catchment  is  about  20  miles  long,  about 
one-tenth  of  the  area  bog  or  low  marsh,  and  nine-tenths  clayey  and 
gravelly.  The  river  is  about  33  miles  long. 

KIVER  ROBE  OBSERVATIONS  IN  1851. 


h  month 

IS. 

h  month  j 
inches. 

Discharge  in  cubic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acres,  for 
each  month. 

Discharge  in  cubic  feet 
per  minute,  per  acre,  for 
each  month. 

2  ,i. 

§^ 

MONTHS. 

o  •£ 

••* 

S-S 

a| 

8 

3 

I 

0 

| 

| 

0 

a'" 

ji-3 

J 

i 

of 

a 

§ 

3> 

°8 

a  * 

B 

a 

i 

E 

0> 

H 

a 

B 

(5° 

SI 

» 

•4 

S 

- 

January 

9-2 

7-4 

85,836 

20,133 

43,373 

1-158 

•287 

•620 

February 

6-8 

4-7 

72,448 

18,420 

30,410 

1-034 

March  . 

4-4 

3-6 

49,137 

10,860 

•702 

•;)00 

April 

3'4 

2'5 

24,200 

5,760 

•DS'J 

May      . 

1-0 

0-8 

5,820 

4,125 

5,001 

•059 

•071 

June  . 

3-8 

0'8 

7,040 

1,114 

4,230 

•100 

•016 

July      . 

3'8 

0-5 

4,920 

1,500 

2,558 

•070 

•081 

August 

2'4 

0-9 

17,055 

1,840 

4,866 

'L'4'! 

•017 

•069 

September 

i-g 

0-5 

4,748 

1,200 

2,854 

•0,17 

•017 

•040 

October     . 

5-0 

1-6 

23,980 

6,940 

12,588 

•179 

November 

1-3 

11 

12,852 

<;,()<)(> 

7,S^7 

•183 

•085 

•111 

December. 

2-6 

2-5 

44,715 

6,210 

•638 

•088 

Total    . 

45-0 

27- 

852,749 

83,502 

163,380 

4-D65 

1-189 

8-88 
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RIVER  ROBE  OBSERVATIONS  IN  1852. 
Continued  from  last  page. 


ich  month, 
hes. 

ach  month, 
in  inches. 

Discharge  in  cubic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acres,  for 
each  mouth. 

Discharge  in  cubic  feet 
per  minute,  per  acre,  for 
each  month. 

MONTHS. 

"  s 

13 

«5 
|| 

a 

3 
1 

a 
1 

1 

1 

1 

| 

"3 

o  *•• 

X 

*fl 

o 

'3 

"3 

y> 

H 

5° 

c3 

S 

9 

1 

M 

1 

January 

7-5 

5-2 

41,600 

12,852 

28,730 

•594 

•183 

•410 

February 

4-8 

4-3 

56,400 

8,190 

25,296' 

•805 

•117 

•361 

March 

1-0 

0-7 

9,600 

2,737 

6,702 

•137 

•039 

•095 

April. 

1-1 

0-5 

3,931 

1,468 

2,477 

•056 

•020 

•035 

May      . 

1-9 

0-4 

3,931 

1,050 

1,861 

•056 

•015 

•026 

June. 

6-6 

1-2 

22,764 

1,400 

6,547 

•325 

•020 

•093 

July     . 

2-5 

1-0 

15,439 

3,172 

6,057 

•220 

•045 

•087 

August 

4-5 

0-6 

3,856 

2,236 

3,070 

•055 

•032 

•043 

September 

1-8 

0'5 

3,427 

2,642 

2,874 

•048 

•037 

•041 

October     . 

3'9 

1-0 

32,040 

1,114 

5,932 

•457 

•016 

•084 

November 

5'5 

5-2 

45,360 

17,000 

30,742 

•648 

•242 

•439 

December. 

12'0 

9-5 

115,656 

23,232 

54,846 

1-657 

•331 

•783 

Total    . 

53-1 

30-1    |  354,004 

77,093 

175,134 

5-058 

1-097 

2-497 

there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,836  -  26,640  -  59,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  75,360  cubic  feet,  leaving  the  effects  of  the 
seven  days'  rain-fall  equal  to  115,656—75,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
fall, and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1851  and 
1852,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-fall  as 
41*6  to  98*7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  three-fourths,  or 
75  per  cent.,  of  the  rain-fall  can  be  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  the 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-fall ;  but  these  do  not  affect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  58  or  60  per  cent,  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
countries  by  about  one-third ;  and  that  from  flat,  marsh, 
and  callow  lands  exceeds  the  evaporation  from  ordinary 
tillage,  porous,  and  high  lands.  When  the  flat  lands 
along  the  banks  of  rivers  extend  considerably  on  both 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  normal  drains,  otherwise  such  lands  must 
suffer  from  excessive  t  vaporation  as  well  as  floods. 
Kvaporation  and  absorption  also  vary  with  the 
climate,  but  in  this  country  we  may  safely  assume 
that  one-third  of  the  whole  rain-fall  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  h<>\\ 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  33  inche^  from 
water)  may  be  taken  in  this  country  as  the  allowance 
1"  be  made;  equivalent  to  an  average  of  about 
15  inches.  The  evaporation  from  the  stirtaee  of 
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reservoirs  is  said  to  be  about  4  feet  in  India.     But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Royal  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  shows,  that  42£  per  cent,  of  the  whole  annual 
rain  of  England  niters  through  the  soil,  and  57|-  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1836  to  1843,  both  included. 
The  mean  evaporation  and  nitration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


Deposited  in 

MONTHS. 

Total 
falling. 

Evaporated. 

Eemaining. 

tons  and  cubic 
feet  per  acre. 

Inches. 

Inches. 

Per 

cent. 

Inches. 

Per 
cent. 

Cubic 
feet. 

Tons. 

January  . 

1-847 

•540 

29-3 

1-307 

70-7 

4,744 

132 

February     . 

1-971 

•424 

21-6 

1-547 

78-4 

5,616 

156 

March 

1-617 

•540 

33-4 

1-077 

66-6 

3,910 

109 

April  . 

1-456 

1-150 

79-0 

0-306 

21-0 

1,111 

39 

May 

1-856 

1-748 

94-2 

0-108 

5-8 

392 

11 

June   . 

2-213 

2-174 

98-3 

0-039 

1-7 

142 

4 

July 

2-287 

2-245 

98-2 

0.024 

1-8 

87 

2-4 

August 

2-427 

2-391 

98-6 

0-036 

1-4 

131 

3-6 

September 

2-639 

2-270 

86-1 

0-369 

13-9 

1,339 

37 

October 

2-823 

1-423 

50-5 

1-400 

49-5 

5,082 

141 

November 

3-837 

0-579 

15-1 

3-258 

84-9 

11,826 

328 

December    . 

1-641 

0-164 

oo-o 

1-477 

100-0 

6,552 

182 

Yearly  averages 

26-614 

15-320 

57-6 

11-294 

42-4 

40,932 

1145 

The  maximum  quantity,  32'10  inches,  fell  in  1841, 
and  the  minimum  in  1837,  21*10  inches.  The  maximum 
and  minimum  quantities  respectively  which  fell  in 
January  were  3'95  and  "31  inches ;  in  February  2*85 
and  1'02  inches  ;  in  March  3*65  and  0*34  inches ;  in, 
April  2'57  and  '34  inches ;  in  May  5*00  and  '70  inches; 
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in  June  3*31  and  1'33  inches;  in  July  4'36  and  1'30 
inches  ;  in  August  3'65  and  0'95  inches  ;  in  Septem- 
ber 4'50  and  0'63  inches ;  in  October  4'82  and  1*41 
inches;  in  November  5'77  and  2'05  inches;  and  in 
December  3'02  and  '40  inches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  Februar}-,  March,  and  April.  The  general 
mean  fall  for  England  is  said  to  be  31^  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  different 
places  and  different  elevations,  but  also  at  different 
elevations  in  the  same  place.  The  following  table 
shows  the  amount  of  rain  collected  in  eacli  month  in 
1855  at  Greenwich  Observatory,  at  different  eleva- 
tions : — 


Month  in  1855. 

Osier's  anemo- 
meter gauge, 
inches. 

On  the  roof 
of  the 
library. 

Cylinder  partly 
sunk  in  the 
ground. 

January 

0-2 

i-o 

1-5 

February  . 

0-2 

1-4 

1-0 

March  . 

0-5 

1-3 

April 

o-i 

o-i 

o-i 

May      . 

0-5 

1-5 

1-8 

June 

0-5 

07 

0-9 

July     . 

3-1 

4-8 

5-3 

August     . 

0-6 

0-8 

T4 

September    . 

0-8 

1-1 

2-0 

October    . 

2-6 

4-5 

5-8 

November     . 

0-5 

1-1 

1-5 

December 

0-4 

0-9 

1-1 

Totals     . 

10-0 

19-2 

23-8 

The  cylinder  gauge  was  placed  155  feet  above  the 
level  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
22  feet  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  library.  In  the  valleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
fall  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  011  high  catchments. 

At  Ballinrobe,  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  ground,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  arid  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation  ! 

At  Kinfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hill,  gave  41£  inches,  while  one  at  the 
base,  580  feet  lower,  gave  only  25|  inches.  In  Kes- 
wick,  the  fall  is  65^  inches,  and  in  Carlisle  only 
30  inches.  At  Kendal  the  fall  is  60  inches  ;  at  Man- 
chester 33  inches  ;  at  Lancaster  45  inches  ;  at  Liver- 
pool 34  inches. 

From  the  23rd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  Dublin  was  8  inches.  At  the  Leefin 
Mountain,  which  is  2000  feet  high,  the  rain  was  13*1 
inches.  From  the  23rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10'674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  Ballys- 
mutten),  18'1  inches  ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time-  From  the  23rd  February  to 
the  21st  August,  inclusive,  the  rain-fall  at  Dublin  was 
17  inches  ;  at  Blessington  21  inches ;  at  Ballysmutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  50  to  nearly  80  per  cent,  more 
rain  fell  at  Ballysmutten  than  at  Dublin.  It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
mountains  than  the  rain-fall  of  Dublin. 

Experiments  were  made  at  York  in  1832,  1833,  and 
1834,  for  the  British  Association,  with  three  gauges 
—  the  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum  ;  the  second  at  a  higher 
elevation,  43  feet  8  inches,  on  the  roof  of  the  Museum  ; 
and  the  third  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Minster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  10J  inches.  The 
quantities  received  were  as  follows  :  — 

Average  depth  for 

Depth  for  three  years.  one  year. 

First  gauge  .         .         .     64  '430  inches    .     .     21  "477  inches 
Second  gauge  .         .     .     52169      „         .     .     17'389      ,, 
Third  gauge.         .        .     38'972      ,,         .     .     12'991      ,, 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
fulling  on  the  ground  and  at  any  height  h  in  the  same 
place  —  £°  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it  ;  then  the  difference  d  is 


The  mean  height  at  which  rain  begins  to  be  formed  by 
this  formula  is  1,747  feet  over  the  ground;  and  at 
35G  feet  high,  the  depth  which  tails  is  one-half  of  what 
falls  on  the  ground.* 

A  discussion  of  the  mean  temperature  in  connexion 
with  the  fall  of  rain,  was  completed  at  Greenwich  for 
the  years  1852,  1853,  and  1854  ;  and  at  Oxford  for 

*  Vnlr  Civil  Engineer  and  Architect's  Journal  for  1860,  p.  167. 
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the  years  1855,  1856,  and  1857.  The  result  shows 
an  average  of  160'3  rainy  days  at  Greenwich  for  each 
year,  and  146*6  at  Oxford.  The  difference  of  the 
mean  temperatures  of  the  day  of  rain  and  the  day 
before  is  less  than  that  of  the  day  of  rain  and  the  day 

after. 

Mean  tempera-    Mean  tempera- 
ture, day          ture,  day  of 
rain. 

49-27° 


before  rain. 
Greenwich  observations    49 '25° 


Oxford 


do. 


49-50 


49-63 


Mean  tempe- 
rature, day 
after  rain. 

,       48-98° 
49-44 


Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218*5  days'  fair  weather.  The  wind  was  northerly 
for  131'5  days,  and  southerly  for  87  days.  For  the 
remaining  146*5  rainy  days,  the  wind  was  northerly 
for  64*5  days,  and  southerly  for  82  days. 

SEWERAGE. 

"  The  future  population  of  the  suburbs  of  London 
is  calculated  at  30,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  population  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty- one 
principal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 
in  others,  it  is  equally  certain  that  the  crowding  is 
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far  less  than  the  general  standard  to  which  we  have 

referred  : — 

Inhabitants  to  a  Square  Mile. 

Towns.  Total  Area.  Builded  Area. 

Leeds.         .  .         .  20,892     .  .  .       87,256 

London  .  .        ..  27,423     .  .  .       50,000 

Birmingham  .         .  33,669     .  .  .       40,000 

Manchester  .         .     .  83,224     .  .  .     100,000 

Liverpool    .  .         .  100,899     .  .  .     138,224 

Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  mile.  In  the  East  and  West 
London  Unions,  Mr.  Farr  has  estimated  that  there 
are  nearly  243,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowding  is,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis." * 

GREAT  TOWNS. — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  3,214,707,  being  41'2  persons  to  an  acre. 
This  is  London  with  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  517,567,  or  101 '3  persons  to  an  acre; 
Manchester,  374,993,  or  83'6  per  acre;  and  Saltord. 
121,580,  or  23'5  per  acre  ;  Birmingham,  309,604,  or 
47'2  per  acre  ;  Leeds,  259,527,  or  12  per  acre;  Shef- 
field, 247,378,  or  10'8  per  acre;  Bristol,  171,382,  or 
36'6  per  acre;  Bradford,  143'197,  or  21'7  per  acre  : 
Newcastle-upon-Tyne,  133*367,  or  25  per  acre  ;  Hull, 

*  nitirtrtted  Newi,  September  8th,  ' 
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130,869,  or  36'7  per  acre;  Portsmouth,  122,084,  or 
12'8  per  acre ;  Leicester,  97,427,  or  30'4  per  acre  ; 
Sunderland,  94,257,  or  19'6  per  acre  ;  Nottingham, 
88,888,  or  44'5  per  acre  ;  Norwich,  81,087,  or  10'9 
per  acre;  Wolverhampton,  72,990,  or  21 '5  per  acre. 
The  area  taken  is  the  municipal  boundary  in  all  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40'4  per  acre  ;  of  Glasgow, 
468,189,  or  92*5  per  acre ;  of  Dublin,  with  some 
suburbs,  321,540,  or  33  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,603.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,437. 

The  amount  of  sewage  is  calculated  at  about  FIVE 
CUBIC  FEET  PER  PERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PER  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Report  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hours. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  houses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  ^th  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  ^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  fths  of  an  inch  fall  during  eight  hours' 
maximum  flow.  This  would  be  1,452  feet  per  acre. 

z  2 
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Assuming  the  highest  data,  we  shall  have  to  provide 
sewers  to  discharge  in  eight  hours 

1,452    cubic  feet  of  rain  water  per  acre, 

3|-  cubic  feet  of  sewage  nearly  per  person. 
Assuming  a  population  of  80  persons  per  acre,  then 
these  figures  would  become 

i  AKn      i-    f    if         •  fin  eight  hours,  or 

1,452  cubic  leet  lor  rain, 

oon      i,-    r    A  r  -\  about  34  culnc  feet 

280  cubic  feet  for  sewage,        \ 

\perminute, per  acre, 

which  shows  that  the  sewage  is  not  more  than  |th 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  rain,  the  difference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolk-street  sewer  to 
discharge  3  feet ;  the  Essex-street  sewer  5^  feet ;  the 
Northumberland-street  sewer  3f  feet  ;  and  the  Savoy- 
street  sewer  20  J  feet  per  minute  per  acre  ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4'8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions  of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  5'8  cubic  feet  per  head 
per  diem.  If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  How  is 
between  nine  A.M.  and  five  P.M.  and  -1!)  per  cent,  of  the 
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whole  ;  whilst  only  18  per  cent,  flows  during  the  eight 
hours  of  minimum  flow,  which  occur  between  eleven 
P.M.  and  seven  A.M.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occurred 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con- 
siderable extent,  by  a  heavy  fall  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland-street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  June,  1857, 
nearly  one  inch- and- a- quarter  in  an  hour,  65  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45  minutes  after  the  rain  ceased, 

14        ,,         in  the  next  6f  hours, 
5        ,,         in  the  next  7|  hours. 

In  a  suburban  locality,  such  as  the  Counter  Creek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  30  or  40  per  cent,  in  24  hours  after  the  rain.  I 

In  the  Holborn  and  Finsbury  divisions  Mr.  Roe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  3-inch 

*  Metropolitan  Main  Drainage  Report,  pp.  15,  17. 
t  Ibid.,  pp.  75,  76. 
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pipe,  laid  also  at  1  in  20,  for  J  acre.  A  pipe  80" 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cubic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urban  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  inclination,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  £,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neces- 
sary to  ascertain  not  only  the  maximum  rain-fall  per 
hour,  but  also  the  proportions  discharged  per  hour, 
according  to  the  season  and  district,  into  the  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1500,  2100,  and  sometimes  3600 
cubic  feet  per  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-falls.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  summer  give  53  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  Mr.  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidly,  C(et<-ri*  purlins,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximum  discharge 
per  acre  per  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,  and  varies 
from  about  20  cubic  feet  for  the  Inrgrr  and  flatter 
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districts  upwards.  This  arises  from  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins  ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  part  of  an  inch  in  depth  from  the  whole 
area.  

SECTION  XIII. 

WATER     SUPPLY     FOR     TOWNS. STRENGTH    OF   PIPES. — 

SEWERAGE     ESTIMATES     AND     COST.  THOROUGH- 
DRAINAGE. — ARTERIAL   DRAINAGE. 

SUPPLY. QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered  ;  —  FIRSTLY,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  SECONDLY, 
the  quality  ;  and,  THIRDLY,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  coffee,  at  a  reasonable  cost. 
Mr.  Glynn  says,f  "  In  many  parts  of  London  water  is 

*  Some  interesting  observations  on  rain-fall  and  flood  discharges  are 
given  in  the  Transactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  1851,  pp.  19-33,  and  pp.  44-52. 

t  Power  of  Water. — WEALE. 
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supplied  at  4d.  for  1000  gallons,  at  a  pressure  of  150 
feet :  a  gallon  of  water  weighs  10  Ibs.,  so  that  1000 
gallons  of  water  falling  150  feet,  are  equal  to 
1,500,000  Ibs.  falling  one  foot;  and  if  1500  gaUons 
of  water  be  used  in  one  hour,  they  are  equal  to 
37,500  Ibs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  33,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  6d." 

The  number  of  gallons  of  water  required  for  the 
supply  of  each  person,  including  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city — London,  for 
instance,  when  supplied  by  different  companies  and 
under  different  systems.  44  gallons  pur  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1853,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  for  all 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
5  gallons  of  it  are  used  for  purposes  requiring  nitra- 
tion, 10  gallons  for  purposes  not  requiring  nitration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  iniirinntni-  xujyrty  of  75 
gallons  per  house,  per  diem,  or  15  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  nyrr.-iuv  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  during  the  year  1853,  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


Gallons. 

Per  house. 

Per  person. 

New  River  Company       

193 

38-3-5 

East  London  Water  Works  .... 

187 

37-2-5 

West  Middlesex  Water  Works        .         .     . 

204 

40-4-5 

Grand  Junction  Water  Works     . 

1319 
{336 

(  63-4-5 
1  67-1-5 

Southwark  and  Vauxhall  Companies'  Houses 
Ditto  average  houses,  manufactories,  public 

175 

35 

establishments    

209 

41-4-5 

Chelsea  Water  Works  

227 

45-2-5 

Hampstead  Water  Works        .         .         . 

111 

22-1-5 

Kent  Water  Works     ..... 

270 

54 

2231 

446-1-5 

Mean  values       

223-1-10 

44-3-5 

These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1854  ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — we  get  the  proportion,  as  10  is  to  34  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
poses, besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  it  can  be  done  without  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 


346  THE  DISCHARGE  OF   WATER  FJiO.V 

For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2' 5  to  6*5  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  manufac- 
tories, and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessary  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former  ;  so  that 
two-thirds  of  the  storage  maybe  available  for  the  town, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26°,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Rivers  and 
brooks  have  an  average  hardness  of  13°,  and  wati-r 
derived  from  surface  drainage  5°;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10°  to  16°.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1855,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  will 
show  what  is  generally  required  on  this  head  : — 

"  On  the  annexed  page  you  will  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  tli<> 
table  you  will  perceive  that  the  water  of  the  Mattock 
appears  to  [be  the  purest,  so  far  as  the  nature 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


347 


and  the  amount  of  the  foreign  substances  held  dissolved 
in  it  is  concerned.  The  water  of  the  Boyne  conies 
next  in  quality  to  that  of  the  Mattock  River,  the  pump 
water  being  in  every  sense  the  worst,  so  far  as  amount 
of  ingredients  can  be  taken  as  a  test  of  the  quality  of 
a  water  ;  in  this  respect,  indeed,  it  resembles  the  water 
of  the  deep  wells  of  London  and  elsewhere. 

"As  the  ordinary  mode  in  which  the  quality  of  a 
water,  for  drinking  and  for  culinary  and  like  purposes, 
is  judged  of  is,  by  the  comparative  amount  of  organic 
matter,  the  total  amount  of  dissolved  matter,  and  its 
hardness,  according  to  the  '  soap  test,'  I  shall  give  in 
the  following  table  the  numbers  representing  each  of 
these  qualities : — 

TABLE  showing  the  number  of  grains  of  Organic  Matter,  and  tlie 
number  of  grains  of  Solid  Matter,  in  an  Imperial  Gallon  of 


Number  of 

Number  of 

Degree  of 

Grains  of 

Grains  of 

Hardness 

Water  from 

Organic  Matter, 

Solid  Matter, 

according  to 

per 

per 

the 

Imperial  Gal. 

Imperial  Gal. 

Soap  Test. 

No.  1.  Tullyescar    .     . 

8'975grs. 

31175 

15  8-10ths. 

„    2.  River  Mattock  . 

2-  (about) 

15-360 

9  l-10th. 

,,    3.  River  Boyne 

3'250 

22-700 

14  9-10ths. 

,,    4.  Burn's  Pump    . 

7-100 

76-850 

34  4-10ths. 

"In  order  to  render  this  table  more  instructive,  it 
may  be  well  to  subjoin  a  few  of  the  results  obtained 
from  the  analyses  of  the  waters  of  other  localities. 

TABLE  shovnng  the  number  of  grains  of  Solid  Matter  contained  in  one 
gallon  of  the  following  Water  : 

Thames  at  Greenwich       .         .         .  27  '9  grains. 

,,          London 28'0      „ 

,,         Westminster  .         .        .  24 '4      „ 

,,         Twickenham      .        .         .     .  22 -4      ,, 

Teddington    ,  17'4 
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New  Eiver  (London)  .         ....  19'2  grains. 

Lea      „  „  ....  237      „ 

Trafalgar  Square  Fountain,  Deep  "Well     .  68 '9      ,, 

"Well  in  St.  Giles's,  Holborn    .         .        .  105 '0      „ 
Artesian  Well  at  Crenelle  (Paris)         .     .         9'86     ,, 

"  The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin,  or  which  have  been  proposed  as  a 
source  of  supply  :* — 


Total 

Total 

Deg-ee 

Locality  from  whence  Water 
was  obtained. 

Number  of 
Grains  per 

Number  of  of  Hardness 
Grains        according 

Imperial 

of  Organic    to  the  Soap 

Gallon. 

Matter. 

Test. 

Royal  Canal  (12th  Lock)  .         .     . 

21-0 

2-80 

clegs. 
14-0 

Grand  Canal  (7th  Lock) 

16-300 

2-30 

10  3-4ths. 

Kiver  Liffey,  at  Kippure    .         .     . 

3-522 

1-90 

0  2-10ths. 

,,                Phoulaphouca 

5-125 

1-50 

0  2-10ths. 

Lough  Dan,  Co.  "Wicklow          .     . 

2-800 

1-225 

0  8-lmhs. 

River  Dodder,  at  City  Weir   . 

8-350 

1-625 

1  8-10ths. 

Lough  Owel      

10-225 

1-550 

6  7-10ths. 

*  Dr.  Apjohn  gave  the  following  analyses  : — 

Total  matter     Organic       Hard- 
dissolved,        matter.         ness. 

Grand  Canal — mean  of  seven  analyses    .     20'78     .  "95     .     15 '9 

Royal  Canal — mean  of  five  analyses        .     2076     .  1'04     .     14'1 

Liffey — mean  of  eleven  analyses        .     .       8'62     .  177     .       6'1 

Analysis  of  the  deposition  on  pipes  from  the  Portobello  basin  : — 

"Water 2'20 

Organic  Matter 971 

Sand 10-20 

Peroxide  of  Iron  and  Alumina          .          .     .  3'50 

Carbonate  of  Lime 7 

Carbonate  of  Magnesia "19 


100- 
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Professor  Apjohn  gave  the  following  analyses  of 
waters  furnished  to  the  city  of  Dublin  in  1860.  It 
shows  how  necessary  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previous  state 
of  the  weather  as  affecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  5th  and 
19th  of  May,  1860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277 '273  cubic 
inches : — 


CITY  WATER  COURSE,    DODDER. 


5th  May. 
4-056 


Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime  and  chlo-  1 
rides    of    sodium    and  >  2 '269 


magnesium  . 
Silex  . 
Organic  matter 


0-166 
1-811 

8-302 


19th  May. 
7-308 
0700 

2-171 

0-526 
1-101J 

11-806 


Specific  gravity  of 
specimen  (5th  May) 

1-00011. 

Specific  gravity  of 
specimen  (19th  May) 

1  '00014. 


magnesium  . 
Silex  . 
Organic  matter 


7-687 


Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime  and  chlo 
rides    of    sodium    and  £  4 '058 


PORTOBELLO  BASIN. 

11-660 

0-764 


0-073 
3-308 

15-126 


3751 

0-194 

2-289, 

18-658 


Specific  gravity  of 
specimen  (5th  May) 

1-00023. 

Specific  gravity  of 

specimen  (19th  May) 

1-00031. 


It  will  be  observed  that  the  quantities  of  saline 'and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able, and  it  appears  to  Dr.  Apjolm  to  have  been  the 
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consequence  of  a  very  considerable  fall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  preceding  anatyses  are  taken, 
we  obtain  the  following  results  : — 

City  Water  Course.        Portobello  Basin. 

Mean  amount  of  saline  matter  .     8'598       .       14'094 

,,          ,,  organic  matter         .     1'456      ,         2'798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  whicli 
the  organic  matter  is  found,  much  more  than  upon  its 
quantity.  This  is,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flowing  rivers, 
even  though  it  may  contain  a  large  amount  of  solid 
matter,  and  even  of  organic  matter,  will  be  found 
wholesonier  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard ;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  difterene 
of  great  consequence  in  culinary  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not  injurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fur  or 
deposit  upon  steam  boilers. 


ORIFICES,    WEIRS,    PIPES,   AND  RIVERS. 


351 


Tabular  Results  of  the  Special  Analyses  of  Four  Samples  of  Water 
from  the  neighbourhood  of  Drogheda. 


Natiire  of  dissolved 
matter. 

No.  1. 
Tullye- 
scar. 

No.  2. 
Mattock 
River. 

No.  3. 
Boyne 
River. 

No.  4. 
Burn's 
pump 
water. 

Observations. 

/     Inclusive  of  a 

1  very  small  quan- 

Carbonate of  lime    .    . 
Carbonate  of  magnesia 

9-350 
0-429 

7-302 
0-510 

11-648 
0-888 

21-475  ) 
0-585J 

tity    of     phos- 
-(  phate   of    lime 
and     iron    not 

1  separated  from 

Vthe  lime. 

Sulphate  of  lime      .    . 

9-043 

2-514 

4-459 

4-568 

Chloride  of  magnesium 

0743 

1.258 

1-685 

8-445 

Chloride  of  calcium 

9-524 

Chloride  of  sodium 

fm 

0-991 

Magnesia    existing   as 

crenate,    &c.,  in   the 

water      .        .        .    . 

0-464 

.. 

Lime        do.        do. 

0-548 

Silica        do.        do. 

0-627 

0:3'22 

2-212 

Potash  and  soda  exist- 

ing in  water,  as  ni- 

trates, crenates,    and 

other  organic  salts.     . 

1-544 

(2-785 

0-448 

22-393 

Organic  matter     . 

8-975 

1    .- 

3-250 

7-100 

Total  number  of  grains 

per  Imperial  gallon   . 

31-175 

15-360 

22-700 

76-850 

The  saving  in  soap  effected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  50  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Robert  Dundas  Thomson,  F.E.S.,  were  found,  in  May, 
1860,  much  more  impure  than  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impurities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  afforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.K.S.,  the 
engineer,  from  the  main  pipes  during  the  month.  It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


Total 

Organic 

Impurity 

Impurity 

per  gallon. 

per  gallon. 

Grs.,  or  *. 

Grs.,  or  °. 

Distilled  water  

o-o 

o-o 

Loch  Katrine  water,  new  supply  to  Glasgow 

3-16 

0-96 

Manchester  water  supply 

4-32 

0-64 

THAMES  COMPANIES  :  —  Chelsea 

17-84 

1-48 

Southwark     

17-08 

1-64 

Grand  Junction  .... 

20-72 

2-00 

West  Middlesex      .... 

20-08 

2-08 

Lambeth     ..... 

20-80 

2-40 

OTHER  COMPANIES  :  —  New  River  . 

18-52 

1-56 

East  London       .... 

23-64 

3-20 

Kent      

21-68 

2-96 

The  table  is  read  thus  : — Loch  Katrine  water  contains 
in  the  gallon  3*16  degrees,  or  grains,  of  foreign  matter 
in  solution,  of  which  *96  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 

SOURCES  AND  GATHERING  GROUNDS. 

The  sources  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  grounds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  under  the  auspices 
of  the  Board  of  Health,  it  is  lar  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth,  "  new-fangled  schemes  of  pot-piped 
gathering  grounds."  Springs  and  wells  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufactories ; 
and  \\e  must  almost  always  trust  to  lakes,  rivers,  or 
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TABLE  showing  the  Quantities  of  Gathering  Ground  and  Reservoir 
Room  to  supply  a  given  population  with  15,  30,  and  40  gallons  of 
water  per  head  per  diem.  The  reservoir  room  is  calculated  to  hold 
12  inches  in  depth  of  rain-fall  per  mile  as  a  guide  for  lesser  depths. 
For  4  inches  the  results  are  to  be  divided  by  3  ;  and  for  6  inches  by  2. 
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937 

4-179 

•0375 
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2-196 

5,000 

2,500 

1,875 

8-358 

•075 

•1577 

4-393 

7,500 

3,750 

2,812 

12-536 

•1125 

•2366 

6-589 

10,000 

5,000 

3,750 

16-715 

•15 

•3154 

8-786 

12,500 

6,250 

4,687 

20-894 

•1875 

•3942 

10-982 

15,000 

7,500 

5,625 

25-072 

•225 

•4731 

13-179 

17,500 

8,750 

6,562 

29-251 

•2625 

•5519 

15-375 

20,000 

10,000 

7,500 

33-430 

•300 

•6308 

17-572 

25,000 

12,500 

9,375 

41-788 

•375 

•7885 

21-965 

30,000 

15,000 

11,250 

50-145 

•45 

•9462 

26-358 

35,000 

17,500 

13,125 

58-5 

•525 

1-1039 

30-75 

40,000 

20,000 

15,000 

66-9 

•6 

1-2616 

35-144 

45,000 

22,500 

16,875 

75-217 

•675 

1-4193 

39-537 

50,000 

25,000 

18,750 

83-57 

•75 

1-577 

43-93 

55,000 

27,500 

20,625 

91-932 

•825 

1-734 

48-32 

60,000 

30,000 

22,500 

100-29 

•9 

1-8924 

52-716 

65,000 

32,500 

24,375 

108-65 

•975 

2-0501 

57-109 

70,000 

35,000 

26,250 

117- 

1-05 

2-2078 

61-502 

75,000 

37,500 

28,125 

125-36 

1-125 

2-3655 

65-895 

80,000 

40,000 

30,000 

133-72 

1-2 

2-5232 

70-288 

85,000 

42,500 

31,875 

142-1 

1-275 

2-6809 

74-681 

90,000 

45,000 

33,750 

150-435 

1-35 

2-8386 

79-074 

95,000 

47,500 

35,625 

158-8 

1-425 

2-970 

83-467 

100,000 

50,000 

37,500 

167-15 

1-5 

3-154 

87-86 

105,000 

52,500 

39,375 

175-5 

1-57 

3-311 

92-25 

110,000 

55,000 

41,250 

183-86 

1-65 

3-469 

96-64 

115,000 

57,500 

43,125 

192-22 

1-72 

3-62 

101-10 

120,000 

60,000 

45,000 

200-58 

1-8 

3-785 

105-43 

A  A 
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streams,  with  reservoirs,  for  stowage,  for  a  sufficient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modern  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  115  feet  over  the 
level  of  the  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,575,000 
dollars,  or  £8  per  lineal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  dollars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Gorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  city 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  River  Vartry.  It  is,  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  353,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

*  Sdiramk-'s  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  with 
a  collection  of  twelve  inches  of  rain-fall  from  it  annually 
ivill  give  a  daily  supply  of  Jive  cubic  feet  per  head  to 
twenty-four  inhabitants ;  or  of  four  cubic  feet,  or  twenty- 
Jive  gallons,  to  thirty  inhabitants. 

The  next  table  will  be  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads  :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lime  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  rest,  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  from  1  in  460  to  1  in  1140. 


COST. 

With  reference  to  cost,  the  following  tables,  arranged 
by  us  from  various  sources,  will  afford  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartry  was"  £300,000  for  12,000,000  gallons 

A  A   2 
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TABLE  shomng  information  with  reference  to  size  of  Reservoirs,  Catch- 
s  <L-c.,  collected  and  arranged  from  various  autl 
fth,  and  sixth  columns  contain  information  with  r, 
to  reservoirs  and  the  collecting  areas  ;   the  second,  third,  and  fourth, 
show  for  different  districts  the  whole  rainfall,  and  the  portions  or  per 
centage  flowing  off  and  available. 
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Ashton      .        .        .    . 

•59 

40-0 

15-5 

39 

21-0 

u 

Albany  Works,  U.S.     . 

•29 

11 

Ballinrobe,  Ireland 

ll'O 

49'i 

58 

Belmont      (moorland), 

mean  of  four  years     . 

2-81 

54-5 

39-6 

72 

26  -8 

Bolton  .... 

•80 

20 

Bute  (low  country)  .     . 

45"-4 

23-9 

53 

Biiteman's  evidence  on 

the  drainage  area  of 

Longdendale  :  — 

First  Lalf  of  1845,  very 

drv      .... 

21-2 

13'5 

C4 

.  . 

Second  half  of  1S45  .     . 

38-6 

71 

First  half  of  1846  . 

B1 

17-5 

78 

Oct.,  Nov.,   and  Dec., 

.    . 

10-2 

S'67 

85 

Bann  Reservoir  (moor- 

land)   .... 

72' 

48-0 

66 

Drainage  areas  on  south 

side     of     Longridge 
Fell,    near     Preston, 
May,    1»52,   to  April, 

}  = 

54- 

15-5 
18-0 

22-0 

33 
43 

.    . 

Dilworth  Reservoir  of 

Preston  Works,  Lan- 

cashire 

•092 

5 

Olencorse  .        ... 

6'00 

sV'-o 

60 

46 

Greenock 

oo-o 

41-0 

68 

38' 

300 

Homershain's  estimate 

10  cubic  feet  of 

Reservoir  to  each  acre 

of  drainage     .        .    . 

•1 

15-36 

Longdendale. 

23  -8 

Proposed  Reservoir  for 

i  unptonWorks 

22J- 

•7 

16 

llivintrtun  Pike     . 

It!  -25 

55:5 

24-25 

44 

Sheffield    .        ... 

1-42 

52 

i  ud  Entwistle  . 

3-18 

48*4 

41-b 

80 

100 
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daily.  It  is  said  to  have  cost  £1  17s.  Qd.  a  head, 
Glasgow  £2,  Manchester  £2  18s.,  and  Birmingham 
£3.  The  annual  cost  of  filtering  1,000,000  gaUons 
daily,  capitalized,  is  put  down  at  £1,250  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dublin  supply.  This 
would  be  £62  10s.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gaUons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  3£  pence  for  each  1,000  gallons.* 

The  actual  cost  of  all  works  for  house  service  varies 
very  much  in  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id.  per  house  per 
week,  to  2d.,  and  from  an  annual  rate  of  9d.  in  the 
pound  to  Is.  6^.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  135  feet  in 
Nottingham  is  said  to  be  3d.,  and  the  charge  for  house 
service  to  vary  from  5s.  to  60s.  annually.  In  Rugby, 
the  average  cost  per  house  is  19s.  per  year,  4^d.  per 
week,  or  an  annual  charge  of  3s.  3(7.  per  year,  or  |fL 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  13  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  1  ^d. 
to  2jtL  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1834,  give  the  following  results  : — 

*  In  December,  1874,  the  quantity  sent  into  the  city  and  accounted 
for  is  stated  to  have  been  7,226,000  gallons,  and  the  waste  6,631,000 
gallons  daily  !  District  waste  water  meters  are  here  essential. 
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Number 

Daily  a  vei  age 

Height  of 

Amount  of 

COMPANIES. 

of 

Supply  iu 

Supply  over 

charge  per 

Houses. 

Gallons. 

Thames. 

Company. 

£    s.    d. 

New  River    .     . 

73,212 

241 

145 

166 

Chelsea 

13,891 

168 

135 

1  13    3 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Junction  . 

11,140 

350 

152 

286 

East  London.     . 

40,421 

120 

107 

129 

South  London    . 

12,046 

100 

80 

0  15    0 

Lambeth    . 

16,682 

124 

185 

0  17    0 

Southwark    .     . 

7,100 

156 

60 

1     1     3 

Cost  of  house  apparatus  for  private  supply  from 
street  mains,  as  averaged  by  the  Board  of  Health,  for 
first-rate  houses,  is  £3  13s.  2d. ;  second-rate  houses, 
£2  IBs.  6d.;  third-rate,  £2  3s.  M. ;  fourth-rate  and 
cottages,  17s.  5d. ;  average  cost  for  houses  and  cot- 
tages, £2  8s.  Id. 

The  actual  cost  of  private  works — to  take  water  from 
mains  for  the  supply  of  cottages — is  shown  in  the  fol- 
lowing table  : — 


Work 
executed  in 

Name  of  Place. 

Mean  Expense 
of  Private 
Works  for 
each  Cottage. 

Annual  Value 
of  each 
Cottage. 

Jan.  1852 
Mar.  1852 
„     1852 
Aug.  1852 

Mean  value 

Rugby,  mean  of  6  Cottages 
Croydon  .     .     10       „ 
Barnard  Castle  11       ,, 
Tottenham    .      6       „ 

s  for  each  Cottage      .     .     . 

£   s.    d. 
1  12  11 
200 
1  18     1J 
2  11  10£ 

£    s.     d. 

r,  10   o 

400 
326 
10     0     0 

209 

5  13     li 

The  water  rate  charged  by  the  Local  Board  at  Tot- 
tenham is  given  as  follows : — 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


In  the  Special  District  Rate 
Assessment. 

Water  Rate 
per  week. 

Water  Rate 
per  annum. 

Above 

And  not 
exceeding 

On  Premises 

£     s.    d. 

£     s.    d. 

£    s.    d. 

&     s.    d. 

assessed. 

10     0     0 

026 

10     0     0 

15     0     0 

039 

15     0     0 
20     0     0 

20     0     0 
25     0     0 

i 

050 
063 

25    0    0 

30     0     0 

080 

30    0    0 

40     0     0 

t 

0  11     0 

40     0     0 

50     0     0 

' 

0  14     0 

and  3s.  for  every  additional  rate  of  £10. 

PUBLIC   AVORKS    OF   WATER   SUPPLY,    PRESTON. 
Yards.  Cost  of  Pipes.  £    ».    d. 

44  of  2-in.    iron  pipes,    including  valves, 
fire-plugs,  outlet  pipes,  and  all  ap- 
purtenances, at  Is.  Id.  .         .         .       398 
1,496  of  3-in.  ditto,  at  3s.  4d.         .        .        .  249    6     8 
321  of  4-in.  ditto,  at  4s.  9d.        .        .        .     76    4    9 

625  of  5-in.  ditto,  at  6s 187  10    0 

30  of  9-in.  ditto,  at  9s.  6d.         .         .         .     14     5     0 


-2,516  £530  16     1 

Water  Supply  and  its  Cost  for  some  Cities  and  Towns,  from  a  Paper 
read  to  the  British  Association  at  Leeds,  in  1858,  by  Dr.  Strung,  oj 
Glasgow.  Vide  Builder,  for  1858,  p.  653. 
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Gallons 

Gallons 

London    .    . 

2,667,917 

81,025,842 

30-3 

7,102,823 

11-4 

Paris    . 

1,100,000 

26,350,000 

24' 

800,000 

33- 

20,000,000 

Hamburgh 

160,000 

5,000,000 

31-25 

170,000 

29-50 

New  York 
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28,000,000 
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15-5 
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11,000,000 

22- 

1,300,000 
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Liverpool 
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1,640,000 

7- 

.. 

Leeds  .    . 
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1,850,000 

12- 

283,871 

7- 

Edinburgh 

215,000 

4,800,000 

22-3 

456,000 

10-5 

2,000,000 

Aberdeen 
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Greenock 

40,000 
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52-8 

90,000 

23-4 

Paisley     . 

48,000 

1,021,452 

21- 

60,000 

17- 

Glasgow 

420,000 

16,710,000 

39-8 

651,199 

26' 

20,000,000 
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The  cost  of  pumping  varies  with  circumstances  ;  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  £60  to  £100  per  horse  power,  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £75 
per  horse  power.  The  following  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

CORK  WATER  WORKS. 


Steam  engine  100- 
horse  power. 


Two  50-horse  power 
turbines. 


Reservoirs — 
One    of   3,500,000 

gallons. 

One  of  563, 000  gal- 
lons. 
Cost  per  head. 

Valuation  standard 
per  pound  on  the 
valuation. 

Yearly  cost  per  five 
inhabitants. 

Water  supplied. 


Direct  acting  Cornish  Engine  with 
three  cylindrical  flue  boilers,  in- 
cluding engine  and  boiler  house, 
setting  boilers,  chimneys,  &c.,  &c., 
per  horse  power  .  .  .  . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gates,  screens,  per  horse  power  . 

One  reservoir  on  a  level  of  186  ft. 

over  weir 
One  reservoir  on  a  level  of  360  ft. 

over  weir    . 

The  inhabitants  in  1851,  86,000 
The  inhabitants  in  1861,  100,000 
City  valuation,  £112,000  . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day  . 


£    s.     d. 


55    0     0 


44     0     0 


4,900 


0  15  3; 
0  13  0 
0  11  7 


050 
30  gallons. 


The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  wells,  &c.,  for  raising  the  London  sew- 
age, is  £70  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

*  Main  Drainage  Report,  1857,  p.  29. 
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When  coals  are  10s.  per  ton,  the  cost  of  an  engine 
exceeding  JOO-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £10  per  horse  power  ; 
when  coals  are  15s.  per  ton,  the  cost  would  be  £13  per 
horse  power ;  when  coals  are  20s.  per  ton,  the  cost 
would  be  £16  per  horse  power ;  when  coals  are  25s. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery.* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows  : — 

To  pump  one  million  gallons  140  feet  high,   the  old  engine  con- 
sumes : —  &   s.    d. 
Four  tons  of  coal,  at  16s.  per  ton  .         .         .         .340 

Oil,  tallow,  and  packing   .         .         .         .         .     .     0  12    0 

"Wages 090 


Total  cost  of  pumping  one  million  gallons          ..450 
which  gives  Id.  per  1,000  gallons  pumped  140 
feet  high  (not  a  very  high  price). 
The  new  engine  requires : — 
Five  and  a  half  tons  of  coal  at  16s.         .         .         .480 

Oil  tallow,  and  packing    .         .        .         .         ..1100 

Wages 120 


Total  cost  of  pumping  one  million  gallons  140  feet 

high 700 

which  is  65  per  cent,  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
tin-  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  18s.  8$d.,  and  with  the  new  engine, 

*  Main  Drainage  Report,  1857,  p.  447. 
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ESTIMATED  COST  OF  ENGINES  FOR  PUMPING  AND  OTHER  INFORMATION. 


Description  of  Works,  and  Engineers'  estimates, 
with  short  description  of  engines. 

ions  of  Gallons 
daily. 

;ht  to  be  raised 
in  feet. 

ions  of  Gallons 
e  raised  1  foot 
n  24  hours. 

lated  cost  in  £s. 

k  to  be  done  in 
ts  of  33,000  Ibs. 
J  1  foot  high  per 
e,  or  horse  power 

'or  each  unit  of 
Ibs.  raised  1  foot 
per  minute,  or 
e  power,  in  £s. 

a 

« 

S3 

K 

oS%s 
*"1! 

^g-=£ 
gJP 

Danish's  estimate  for  Liverpool  Works,  exclu- 
sive of  buildings—  one  engine  and  pumps  

2 
2 

300 
•SIKI 

600 
600 

8470 
9850 

126-26 
128-2* 

67-1 
78'0 

1 

7fi 

75 

3400 

15-78 

215-4 

8 

174 

1392 

35  357 

292-92 

l''0-7 

Forester  *  Co.'a  estimate  for  Liverpool  engines, 

2 

ROO 

600 

9700 

126-26 

76-8 

1 

75 

75 

3200 

15-78 

202'8 

Hurry  and  Bateman's  estimate,  Wolverhampton 
Water  Works  

Uil 
t*t\ 

314 
?64 

1    4711 
/1188J 

35,400 

34911 

101-4 

Harvey  and  West's  for  ditto,  exclusive  of  build- 

U 

,11X1 

459 

11  000 

96-59 

113-9 

Ditto       ditto       64  inch  cyli  nder  engine    

ii 

UO 

14H 

270 
210 

7000 
6500 

56-82 
44-19 

123-2 
147-1 

Messrs.  Hawthorne  for  ditto,  double  power  ex- 
pansive condensing  beam  engines,  exclusive  of 

11 

314 

471 

6055 

99-11 

61-1 

1J 

161 

244} 

51-45 

Messrs.  Hawthorne'shigh-pressure  double  acting 
horizontal  engines,  to  be  raised  in  6  hours  

3 

22 
?•' 

132 
108 

1170 

27-78 
22-73 

42-1 
34-3 

ij 

f> 

66 

570 

13-89 

41-0 

Mr.   Hoeking's   estimate   for   Wolverhampton, 

u 

frf*) 

750 

°OfOO 

157-83 

131-8 

ij 

son 

750 

13  ''00 

157-83 

83-6 

Ditto       to  be  raised  in  12  hours,  by  two  UO  inch, 

11 

.'<10 

1500 

315-65 

103-3 

ll 

300 

1500 

''1  SOU 

315-65 

69-0 

Mr.  Quick's  estimate,  forGrand  Junction  Works, 
one  64,  or  two  45  inch  cylinders,  single  acting 

5 

4<i 

230 

7000 

48-40 

144-6 

8 

40 

320 

7000 

67-34 

103-9 

Ditto    for  West  Middlesex  

5 

4li 

230 

10  000 

48'40 

•>06-6 

Sandys,  Vivian  &  Co.,  two  engines  for  Liverpool, 

2 

MO 

600 

8000 

126-26 

63-4 

Ditto    one  engine,  exclusive  of  buildings  
Seaward  &  Capel's,  for  Wolverhampton,  exclu- 

1 

IJ 

75 

,w, 

75 
849| 

1800 
22,000 
to 

15-78 
>  178-65 

114-1 
/    123-2 

West's  estimate,  65  inch  cylinder,  exclusive  of 

314 

I 

471 

25,000 
6000 

99-11 

60-5 

Ditto    50  inch  cylinder,  including  buildings  

I 

163 

ira 

244t 
244| 

7100 
5000 

51-45 
51-45 

13S-0 
97'2 

Ditto    raised  in  6  hours,  by  a  35  inch  cylinder 

90 

132 

4600 

27-78 

165-5 

? 

tt 

132 

3100 

27-78 

1 

5B(i 

819 

38200 

158-66 

°40'8 

Ditto    65  inch  cylinder  engine,  including  build- 

H 

314 

471 

8400 

99-11 

84'8 

AMERICAN  ESTIMATES  AND  WORKS. 

Mr.  McAlpine's,  for  Brooklyn,  double  acting, 
expansive,  high-pressure,  condensing  engine, 
7'J  inch  cy'.inder  engine,  to  be  raised  in  12  hours, 

5 

1<X> 

1950 

18  000 

399-83 

45-0 

Ditto    non-condensing  30  inch  cylinder  engine, 
raised  in  24  hours,  exclusive  of  buildines  
Ditto    in  12  hours,  exclusive  of  buildings  

6 
10 
20 

190 
1SH) 
1<XI 

1035 

3800 
7600 

3000 

39,000 
'53  (XX) 

199-92 
799-66 
1599-23 

15-0 
48-7 
33'1 

Ditto       ditto       

30 

I1*! 

11,400 

85  000 

2398-99 

Ditto    Albany  Water  Works,  58  inch  condensing 
beam  engine,  and  one  duplicate  not  condens- 

H 

156 

23S 

(  6241 
1    476I 

13,320 

231-48 

57-5 

Ditto    Chicago   Works,  as    in  last,  including 
building;!,  46  inch  cylinder  condensing  engine 
and  duplicate,  as  in  last   

3 

1(17 

642 

11  258 

135-10 

813 

3 

111; 

696 
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£4  10s.  Id.  In  the  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book,*  the  estimated  cost 
of  pumping  engines  for  various  works,  English  and 
American,  is  given. 

In  EXAMPLI;  28,  pages  25  to  27,  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  square  of  the  velocity.  In  addition  to  this,  an 
allowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  SECTION  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  from 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  far,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  from  a  pumping  engin 
other  aspects  of  the  question,  cost,  and  engine  power, 
will  admit. 

A  report  \>y  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  13th  October,  1SD1. 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time  :— 

BRISTOL  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  tin-  Mendip-hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality-  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  lo\v  rmtals  to  :5  per 
cent,  on  rentals  of  £100,  and  2!  per  cent,  on  rentals 
of  £200  and  upwards.  For  trade  purposes  the  water 

*  WEALE,  London. 
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rate  is  Qd.  per  1,000  gallons  the  minimum,  to  Is.  6d. 
per  1,000  gallons  the  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers'  work  on  moderate 
terms. 

GLOUCESTER  (population  30,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  this  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  8s.  3d.  per  annum;  from  .£10  to 
£60,  5  per  cent. ;  £60  to  £70,  3£  per  cent. ;  £70  to 
£SO,  3|  per  cent. ;  above  £80,  3f  per  cent.  Meter 
rates  were  only  determined  on  in  December,  1862  ; 
range  from  6d.  per  1,000  gallons  on  the  million  and 
upwards,  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consumers. 

DERBY  (population  45,000). — A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  All  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  of  their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  scale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash- 
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houses,  at  the  rate  of  3d.  per  1,000  gallons.  Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
above  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

NOTTINGHAM  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  by  the 
consumers :  the  consumption  averaging  17  gaUs.  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  by  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  All  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  rain  water 
allowed  to  flow  into  any  such  cisterns.  No  suppl 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pa}' — 

Price  per  1,000  gallons. 
Lower.        Middle.     Higher. 

<!.  d.  '    d. 

Not  exceeding      50,000  galls.       6  9  12 

400,000  gaUs.       4£  6|  9 

Exceeding       1,600,000  galls.       3  4£  6 

Tanks  with  meters  affixed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering.  ;i 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.  The  company  have 
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adopted  call-books  for  complaints,  repairs,  &c., 
plumber's  book  for  instruction,  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

NORWICH  (population  75,000). — The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consumption  for  private  and  public  pur- 
poses is  14J  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  are 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
also  so  small  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4s.  4d.  per  annum  for  tenements  under  £5 
per  annum ;  above  £5  and  under  aGlOO,  5  per  cent. ; 
above  £100,  4|-  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — Not  exceeding  200,000  gallons 
per  annum,  Is.  per  1,000  gallons ;  not  exceeding 
1,000,000  gallons  per  annum,  10fZ.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  -annum,  3d.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum,  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Council  of  this  city 


363  THE  DISCHARGE  OF  WATER  FROM 

guaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Plymouth. 

LEICESTER  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- 
pany, who  have  expended  the  sum  of  £90,000.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  half  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without  waste  pipes,  or  inlet  of  ram 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  must  be  self-acting  apparatus. 
The  scale  of  rates  ranges  from  5  per  cent,  on  low 
rentals  to  3^  per  cent,  up  to  £100,  and  3  per  cent, 
ahove  £200.  Water  rates  range  from  5d.  per  1,000 
gallons  the  minimum  to  Wd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2£d.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

GREAT  YARMOUTH  (population  30,000). — This  town 
has  the  benefit  ,of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  5  per  cent,  on  the  excess  in  addition 
— this  including  one  water  closet  only — 5s.  per  annum 
is  charged  for  all  others  in  addition,  and  10s.  for  baths. 
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The  meter  rate  is  also  high,  ranging  from  2s.  per 
1,000  gallons  to  Is.  3d.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes  ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
saiy .  The  company  is  willing  to  execute  all  plumbers' 
work  if  required,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  the  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula- 
tions as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  by  their 
adoption. 

IN  PLYMOUTH. — We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  all 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 
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plete  registry  being  kept  of  all  such  work  performed  : 
2nd,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies  ;  3rd,  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flushing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved, 
and  that  valves  be  worked  by  rods  instead  of  wires  or 
chains ;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
or  warning  pipes  be  substituted ;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  all 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only  ;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  all  the  fittings  and  premises  at  present  supplied  wiili 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessary.  It  is  not  necessary, 
in  adopting  the  preceding  recommendations,  that  tin- 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  would 
enable  a  constant  supply  to  be  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufacture  in  the  town  in  which  water  forms  an 
essential.  The  domiciliary  visits  for  the  inspection  of 
premises  would  be  in  no  way  offensive,  but  would  be  of 
the  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civility  are  manifested.  It  is  not  our  aim 
or  desire  to  abolish  cisterns  now  in  use,  but  the 
CONSTANT  SUPPLY  SYSTEM  will  render  so  large  an  expen- 
diture unnecessary  in  future,  cisterns  for  flushing  closets 
being  then  only  necessary. 


THICKNESS    OF   PIPES   FOR   WATER   WORKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufficient  to  bear  the  pressure  of  the  atmos- 
phere, and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  column  of  water  33  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  equal  to  33  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 


(A.) 


1.  Iron  pipes,  plate  . 

2.  Iron  pipes  cast  horizontally 

3.  Iron  pipes  cast  vertically 

4.  Copper  pipes,  plate  . 

5.  Lead  pipes    . 

6.  Zinc  pipes 

7.  Artificial  stone 


t  = 
t  = 

t  = 

t  = 
t  = 


•0009  n  d  + 
•0024  n  d  + 
•0016  n  d  + 
•0015  n  d  + 
•0024  n  d  + 
•0051  n  d  + 


•13 
•33 
•32 
•16 
•19 
•16 


t  =  -0054  nd  +   1-60 


For  cast-iron  pipes  the  engineer  of  the  Paris  water 
works,  M.  Dupuis,  adopted  in  his  practice  a  formula 
which  is  equivalent  to 
(B.)  t  =  '0016  nd  +  -32  +  -018  d 

in  the  foregoing  measures.     This  formula  may  also  be 
expressed  as  follows  : — 
(C.)  t  =  (-0016  n  +  -013)  d  +  '32. 

If  d  be  12  inches,  and  n  =  9,  corresponding  to*  a 
pressure  of  297  feet,  we  shall  find  from  the  last  equa- 
tion, t  =  (-0144  +  -013)  x  12  +  -32  =  '3336  +  -32 
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=  *6536  inch.  All  pipes  should  however  be  proved 
with  ten  atmospheres,  or  330  feet,  and  in  practically 
applying  the  above  formulae  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  3,  to  our  example,  we  get  t  =  '0016  x  19  x  12 
+  '32  =:  "6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWERAGE    COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  340,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two -fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  discharge  about  3|  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  discharge, 
after  a  heavy  rain-fall,  amounted  to  20^  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

80  X  7  35 

ci  =  35  cubic  feet  per  hour,  or  ^~  =   *59  feet 

O    X    A  DU 

nearly  per  minute,  which  is  onry  about  the  thirty-third 
part  of  20£  feet.  In  other  words,  the  storm  waters 
were  thirty-three  times  the  amount  of  house  sewage. 
It  would  be  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  off  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
is  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  off 
like  water.  In  fact,  the  sewage  in  part  lies  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  or  arterial  lines.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circumstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-fall,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5*7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  full  with  a  velocity  of  5*4  feet  per  second :  at 
3  \  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  would  be  passed  off  by  one  such  pipe  j  that  is, 
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the  sewage  from  20,400  persons,  on  280  acres,  and 
also  two-fifths  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2|  feet  per  person  off 
in  eight  hours,  made  up  of  faeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water ;  and,  under  any  circumstances, 
would  be  abundantty  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  32  inches  in  diameter  ;  for  a  fall 
of  1  in  3,200,  four  2  feet  pipes  would  be  required,  or 
one  pipe  3  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  facilities  for  being  cleaned, 
either  by  using  half-flange  joints,  or  by  having  :i 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  tile 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  all  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  : — 
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COST  OF  SEWERS,   NEWPORT,    MONMOUTHSHIRE. 


Total 
lengths. 

Average 
depths. 

Sizes  of  sewers. 

Thicknesses. 

Cost  per 
foot  lineal. 

feet. 

ft.     in. 

ft.  in.      ft.  in. 

in. 

s.    d. 

1,322 

15       6 

4    6  by.  3    6 

9 

11     8 

2,217 

13       0 

4    6  by  3    0 

9 

10     1J 

6,110 

12      0 

3    0  by  2    2 

9 

7    7i 

12,354 

11       8 

3    0  by  2    2 

6 

5    3f 

1,953 

9       3 

2    6  by  1  10 

6 

4    7 

9,663 

10       0 

2    6  by  1  10 

4i 

3    8J 

690 

10       2 

2    3  by  1     9 

44 

3     5k 

3,264 

8       6 

1     2  diameter 

3 

2    4| 

COST    OF    SEWERS   AND    PIPES    IN   PRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  80th,  1859,  contains  some  useful  informa- 
tion : — 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  7s. 

538  3ft.  by  2ft.  at  17s.  6d 

294  3ft.  6in.  by  2ft.  4in.,  at  28s.      .         .     . 

372  3ft.  9in.  by  2ft.  6in.,  at  28s.  . 

250  4ft.  3in.  by  2ft.  lOin.,  at  41s.  Qd.      .     . 

56  4ft.  6in.  by  3ft.,  at  75s.  Id.   .        .      '  . 

66  4ft.  6in.  diameter,  at  40s.  Qd.    .         .     . 

1,636 

42  of  Cast-iron  Sewer,  2ft.  diameter,  at  36s. 

22  of  Earthenware  Pipe  Sewer,  6in.  diame 

ter,  at  4s.  ..... 

1,129  9in.  diameter,  at  7s.  5d.    .         .        .     , 

565  12in.  diameter,  at  8s.  9rf. 
88  15in.  diameter,  at  lls.  3d.         .         .     . 

98  18in.  diameter,  at  13s.  .... 

145  21in.  diameter,  at  18s.  6rf.         .         . 

2,089 

Total,  including  superintendence,  also  man-holes,  street 

gullies,  and  all  appurtenances      ....     £3,286     6    4 


£  s. 

d.  &  s. 

d. 

21  0 

0 

470  15 

0 

412-  12 

0 

520  16 

0 

521  17 

6 

211  12 

8 

134  9 

6 

2OQO    O 

8 

7^  10 

o 

4  8 

0 

418  13 

5 

247  3 

9 

49  10 

0 

63  14 

0 

134  2 

6 

917  11 

8 
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TABLE  showing  the  prices  of  Tubular  Drains  as  tnade  by  the  Board  of 
Health  in  1852,  fifty  per  cent,  being  added  for  profit,  <tc.  ;  and  the 
sale  prices  in  the  market. 


Assumed  gain. 

Hamoter  h 
inches. 

Lengths. 

Red 
earthen- 
ware pipes 
made  by 
the  Board. 

Red  pipes 
at  Sale 
prices. 

Stoneware 
glazed  at 
Sale 
prices. 

On 
red  ware 

Over 
glazed 
stoneware 

pipes. 

pipes. 

£    s.    d. 

£    s.    d. 

£    s.    d. 

£    S.    d. 

£    S.     d. 

5 

For  1,000  feet 

6  15    0 

20  16     8 

25     0     0 

14     1     8 

18     5     0 

6 

For  1,000  feet 

9  14     0 

25     0     0 

29     3     4 

15     6     0 

19     9     4 

9 

For  1,000  feet 

15     1     6 

37  10     0 

50     0     0 

22     8     6 

34  18     6 

Did  the  Board  of  Health  here  add  the  cost  of  their  own  establish- 
ment and  staff  to  the  cost  of  production  ?  The  manufacturer  and 
salesman  must  surely  live,  at  least  the  Author  thinks  so. 


The  following  estimates  were  made  for  laying  pipes 
at  Tottenham,  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

6 

9 

12 


Depth 
6  feet. 


Depth 
8  feet. 

lid. 


Depth 
10  feet. 

lid. 


The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 


6  inch  pipes        5d.  per  foot  lineal         3  to  4  feet  deep. 

9        „ 

5d.            „ 

3  to  4  feet  deep. 

12        „ 

8d. 

5  feet  deep. 

15        „ 

9d. 

5  feet  deep. 

18        „ 

lid. 

5  feet  deep. 

.  per  foot  lineal  for  relaying  pitching  ;  4d.  for  macadamised 
roads  ;  and  6d.  for  pavements. 
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eneral  Board  of 
ext  penny  where 
'wo  of  the  towns, 

HSKIRK. 

1  8  feet  deep. 

SOD   -- 
a;  e   . 

0  O.BT3 

•3'3/oa 

g*3» 

^        OOOOOiHr-lOO* 
^j     'oOt-OTllOqiMIN 

Sr.  MART. 
d  6  feet  deep. 

^                  T-HO-*      •*  o 
*cooco    "CMC* 

*g>|i 

Il?lv2 

~        00  00  t-  t-  '-O  "O  O 

^                           lOlM-Ot        CNrH 

TtelatU'e  Cost  of  Earthenware  Pipe  Drainage  on  executed  works  previous  to  1852.  From  Minutes  of  Information  collected  by  the  G 
Health,  pp.  179  and  180,  ordered  to  be  printed  for  the  use  of  Local  Boards  and  their  officers.  [We  have  altered  the  cost  to  the  n 
half-pence  and  farthings  are  stated  in  the  original.  The  cost  of  junctions  is  not  shown,  but  it  is  stated  to  amount  to  one-eighth  in 
and  one-te»ih  in  two  other!.] 

53 

1 
5 

°~rk 

OTTEHI 
Pipes  lai 

*i*i 

ffb 

°-a  .§ 

Hj        OOCOtOOrHOO 
^     '  t-  to  TJI  (N  rH  O  O 

^                           O  «  O        <N  i-l 

^     *                  'tOCO  IM     '  7-1  O 

HITCHIN. 
Pipes  laid  8  feet  deep. 

8  aoVg 

d'EVo  ?! 

1=3" 

^       O5  O  r-(  t~  CO  «3  rH 
^         CO  O  1—  O  -^  CO  CO 

ST.  THOMAS'S,  EXETER. 
Pipes  laid  3  to  7J  feet  deep. 

r^        CO        O2COCOO        l-OOCO 
^     '  CO     'OOO>OCO        OqC^rHrH 

*ili 

te^Sr^ 

8*^1 

Hj        O  Oa  <O  rj<  CO  N  IN 

,;    '  >o  oq  (N  <M  CT  eq  (N 

TJtOCO        O5COOCO     ^COOOO 
^COCO     '(NC^CSIrH        i-l  pH  i-l  pH 

-s  •§ 

o  cva  S 
tfgS> 
5.2^~ 
p.    -a 

rg         Cl  CO  iO  CO  O  CO  r-H 

,j      oot-ocoeqiH  o 

r^        O        OOCOCO         -*OOOO 
^        O        00  O  CO  CM        rH  pH  O  O 

SOUTHAMPTON. 
Pipes  laid  9  feet  deep. 

§  0.0.1= 

p* 

^3                    t»  rH  CO  O 
^                   OtOlO  •* 

TOTTENHAM. 
Pipes  laid  5  to  13  feet  deep. 

Hg                    C3i  rH  O  rH  t-  rH 
,j      '     '      'oh--*  COIM  rH 

2*M 

o&eva 

TS             t-  >«  o  oo 
^        '      eococoiM 

f^                    U5  00  O  O  i-H  O5 
^     '     "     "(Ni-HrHi-HOO 

"°  ^2  1 

'S  £  a  > 

3-n 

^j                   O  <D  CO  ^ 
aj                   O  CO  CN  i-l 

^j-                     •<*  O  U5  rH  OO  IM 
^                    t-  W5  CO  CM  rH  rH 

BARNARD  CASTLE. 
Pipes  laid  9  feet  deep. 

SS.S.-E 
•g  Svo  ^ 

|*3 

Tj     _      _     _  OOO  rH  t- 
^                    O  «  CO  CM  (M 

SANDOATE. 
Pipes  laid  6  feet  deep. 

•^                                 00  CM        rH  t-  «5 

,.                                 O  *)<        <N(NCSI 

sili 

"it 

TJ                    OOCO  COCO 

~J                              O5O       OOO 

oi     '     '     •     '     '-"^     '-1--     ' 

B^ss 

i>j                       O«(NCOr-H 
^                 '  0  CO  (N  rH  0 

^                                    ^H  ^         °  '"'  rH 

^                                    CO  ffl         1-H  1-H  O 

CHOTDON. 
Pipes  laid  9  feet  deep. 

«  0.0^3 

"S'o.-o  s 

l^"1 

HJCO        COO)*-rHCRO 
^O>        r-IOO^COCO 

RlJOBY. 

Pipes  laid  8  feet  deep. 

i^              (MrHrHOiO        C^COCO 
£     '     'rHOt-O-*      'cOCMSM 

SsM 
|I§.? 

0     5,5. 

^  CO        CO  Cq  i-l  C3i  O  C^ 
,jCO        COCOCOINIMIN 

73         caosotoo   _oc»o> 

5  hi 

1.2-^i 
a   •§ 

^o      ootooqcoo 

^jtO     '  00  «>  CO  (N  i-l  O 

t^              lOtNOCOO        <NrHO3 
^      '     'cOt-«OCOCM     'rHOO 

•S.Xliil 
JO  jy)3tUBr(I 

IB 

tt>                                                                                       ~fe 

^a^ooDioeqoiO'*                            •*-<oooiO'Moi--i)'*coc<i 

O  **  CM  i—  I  i—  1  r-<                                                            C-l  'M  71  —  i  rH  —  ' 

a 
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l>  I  I. MATE   FOR   SEWERS   AT   BRIGHTON. 


DESCRIPTION  OF  SEWERS. 

Length  in  yards. 

Price 
per 
yard. 

Amount. 

Brick  Sneers  :  — 

Diameter. 

&    S. 

£         s. 

6ft  

4,850 

3  10 

16,975     0 

4ft.  6  in. 

350 

2  10 

875     0 

4  ft.  6  in.  by  3  ft.      .     . 

4,000 

2     8 

9,600     0 

3  ft.  9  in.  by  2  ft.  6  in.  . 

1,890 

2     2 

3,969     0 

3  ft.  by  2  ft.       . 

2,820 

1  16 

5,076     0 

2ft.  3  in.  by  1ft.  6  in.   . 

8,580 

0  18 

7,722    0 

Tottil  brick  sewers 

22  490 

Earthenware  Pipe  Sewers  : 

s.     d. 

15  inches  diameter 

9,466 

13     6 

6,389  11 

12      „                        .     . 

44,430 

10     0 

22,215    0 

Total    earthenware    pipe 

sewers  .... 

53,896 

Cast-iron  Pipe  Sewers  :  — 

£     5. 

3  in.  diameter  . 

750 

7     0 

5,250    0 

1ft.  6  in.  ,, 

1,260 

3    0 

3,780    0 

Total  cast-iron  pipe  sewers 



2,010 

Total  length  of  sewers 

78,396 

Or  44  miles  956  yards 

Alan  holes  and  ventilating 

Number 

shafts          .           .           .      . 

600 

20     0 

12,000    0 

Lamp-holes 

600 

4     0 

2,400    0 

Gullies         .... 

3,000 

3  10 

10,500    0 

Outlet    works,    overflows, 

and  extra  work  on  steep 

gradients,  &<.•. 

5,000    0 

Contingencies,    including 

repairs,  &c.,  of  existing 

st-wers,  lo  JUT  cent. 

11,178     9 

Total         .         .     . 

£122,930     0 

The  author  has  constructed  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  ;uid  4  feet  6  inches  high;  the  side  walls  built 
with  nibble  masonry,  D-incli  segment  inverts  l:iid  with 
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4 3- -inch  courses  in  cement;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procured,  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  bedded,  well  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation uniform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9s.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  in  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  3 
cwt.,  cost  80s.  each  ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle  : — 

STIPULATIONS  FOR  CAMBRIDGE  DRAINAGE. 

"  Water  from  the  rear  of  premises  should  not  be  conveyed  to  the 
front  under  the  basement  floor. 

"  Rain-water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, but  conducted  into  the  sewer  by  shallow  drains. 

"  Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

"The  scullery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

"  There  should  be  no  water-closet  on  the  basement  floor  ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  have  a  flap  trap,  or 
similar  contrivance,  to  prevent  the  influx  of  sewage  water." 

FOR  CARLISLE  DRAINAGE. 

"STIPULATION  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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"  2. — All  down-spouts  to  be  connected  with  the  sewers  where  it  may 
be  proper  to  connect  the  same  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channel. 

"  3. — All  stench  traps  to  be  similar  to  samples  furnished  by  the 
Surveyor,  or  others  approved  by  him,  and  properly  fixed  to  his  satis- 
faction. 

"  4. — All  sewers  to  water-closets  not  to  be  less  than  six  inches 
diameter. 

"  5. — All  sewers  to  yards,  stables,  kitchens,  and  sculleries,  not  to 
be  less  than  four  inches  diameter. 

"  6. — In  every  case  the  whole  of  the  fall  to  be  made  available  from 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  be  used  from  the  junction  with  the 
public  sewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-closets,  &c.,  to  have  one  inclination 
from  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  departed  from  without  the  express  sanction  of  the  Surveyor. 

"  7. — In  no  case  must  a  private  drain  be  put  in  with  a  less  fall  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

"  8 — No  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bends,  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

"  9. — All  ash  pits  and  dung  depots  to  be  raised  to  the  level  of  the 
adjoining  ground,  to  be  properly  paved  and  drained  as  the  Survrym 
may  direct. 

"10. — All  buildings,  outhouses,  &c.,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
veyor. " 

THOROUGH  LAND  DRAINAGE. 

The  following  instructions  and  general  specifications. 
have  been  prepared  by  the  Commissioners  of  Public 
Works  in  Ireland,  for  the  use  of  the  district  inspect 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  ground.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  fall,  and 
may  vary  from  2  feet  to  4  feet  6  inches  in  practice. 
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averaging,  say  about  3  feet  6  inches,  but  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  officers  of  the 
Board,  and  are  varied  according  to  each  particular 
case : — 

GENERAL  OBSERVATIONS. 

"  No  drainage  works  should  be  undertaken  until  it  has  been  clearly 
ascertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  will  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  surface  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

"When  sufficient  out-fall  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  &c.,  from  crossing. 

"As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
effective  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  per  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth  ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soil, — forty  feet  may  be  taken  as  a  general 
rule. 

OPEN  MAIN  DRAINS. 

"Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  will  admit  of  the  above  stipulations,  as  to  the 
discharge  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
discharge  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  useless  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

"  The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  which  are  insufficient  to  discharge   floods,   should  be 
taken  down  and  rebuilt  of  suitable  dimensions. 

COVERED   MAIN  DRAINS. 

"  Whenever,  from  the  nature  of  the  lands,  the  extent  of  the  district 
under  drainage,  and  the  quantity  of  water  to  be  voided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
from  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  well  flagged  or  paved  at  bottom,  the 
sides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

SUBMAINS. 

"The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.     The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  will  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  without  discharging  itsel  t 
a  covered  or  open  main  drain. 

THE  MINOR  DRAINS 

"  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  very  steep,  and 
then  to  be  carried  across  the  fall  at  such  an  angle  as  to  secure  a  free 
discharge  for  the  water.  The  fall  in  each  minor  drain  to  be  as  gn 
the  main  drainage  and  submain  drainage,  previously  described,  will 
admit. 

"  In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  clay,  to  be  placed  on 
the  surface  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out,  observing  to  keep 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

"  In  using  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  the  bottom  for  their  entire  length,  so  as  to  pre- 
vi-nt   them  being  deranged  by  the  filling  of  the  drain,  and  that 
points  be  fitted  as  closely  together  as  possible. 

"  In  cases  of  unfavourable  ground,  caused  by  running  sand  or  other- 
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wise,  whereby  the  level  of  the  conduit  might  be  deranged,  collared 
pipe  tiles  offer  considerable  advantages  in  the  way  of  remedy. 

"  "When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIN  DRAINAGE. 

OPEN  MAIN  DRAINS. 

"The  deepening  and  improving  of  the  main  drain,  No. ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  up  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of 

feet.  It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 

be  diminished  to  six  inches  to  one  foot ;  all  sharp  angles,  projecting 
stones,  and  other  impediments  to  the  free  discharge  of  the  water,  must 
be  carefully  removed.  The  spoil  or  material  raised  in  sinking  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
adjoining  lands,  or  for  filling  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

off  in  a  workmanlike  manner. 

"The  bridge  marked  at  the  point on  the  accompanying  map 

to  be . 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be  payable  for  the  money  advanced  on  account  of  its 
execution. " 


SPECIFICATION  FOR  THOROUGH-DRAINAGE 
(WITH  TILES). 

COVERED  MAIN  DRAINS. 

"  These  shall  be  cut  fifty-four  inches  deep,  thirty -six  inches  wide  at 
top,  twenty-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shall  be  double  row  of  three-inch  pipe  tiles. 

"The  side  walls  shall  be inches  in  height, inches  thick, 

and  well at  bottom.  They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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SUBMA1NS. 

"These  shall  be  cut  fifty  inches  deep,  thirty  inches  wide  at  top, 
eighteen  inches  wide  at  bottom.  They  shall  be  carried  along  the  low 
side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance  from 
the  fence  of  fifteen  feet,  and  through  natural  hollows  where  necessary, 
ulunain  to  be  allowed  to  run  beyond  a  length  of  two  hundred 
yards  without  discharging  itself  into  a  covered  or  open  main  drain. 

MINOR   DRAIN*. 

"  These  shall  be  cut  forty-eight  inches  deep,  sixteen  inches  wide  at 
top,  fire  inches  wide  at  bottom,  and  at  a  distance  of  forty  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  a  length  of  two  hundred  yards  without  discharg- 
ing itself  into  a  submain. 

FILLING    IN. 

"All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  pipe  tiles  twelve  inches  in 
length,  one-and-a-half  inch  in  the  ope,  for  one  hundred  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  twelve  inches 
in  length,  one-and-three-quarter  inch  in  the  ope,  in  continuation  from 
thence  to  the  submains. 

SUBMAIXS. 

"  Into  each  submain  shall  be  put  pipe  tiles  twelve  inches  in  length, 
two  inches  in  the  ope,  for  one  hundred  yards,  commencing  from  the 
upper  end  of  the  drain,  and  pipe  tiles  twelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselves. 

N'F.UAL    KUI. 

"  All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
-hall  be  laid  firmly  on  the  bottoms  of  the  drains  for  their  entire 
length  ;  the  joints  fitted  as  closely  as  possible,  they  shall  be  carefully 
covered  with  a  thin  grassy  sod  or  screen.  The  stuff  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost. 
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"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain,  into  which  they  discharge  them- 
selves. 

"Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
charge itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
at  a  distance  from  this  drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
sions, and  filled  with  the  same  materials,  and  in  like  manner,  as  the 
above  described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  forming  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tiles,  and  they  must  be 
fitted  as  closely  as  possible. 

"Soles  must,  in  all  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  that  the  ends  of  the  tiles  shall  rest  equally  on 
them ;  when  inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  adjoining  tiles  below  them. 

' '  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution."  [Collars  for  up  to  4-inch 
pipes  can  be  had  at  the  Florence  Court  Tilery.] 

SPECIFICATION  FOR  THOROUGH-DRAINAGE  (WITH 
BROKEN  STONES). 

COVERED  MAIN  DRAINS. 

"  These  shall  be  cut  forty-two  inches  deep,  thirty  inches  wide  at  top, 
twenty-four  inches  wide  at  bottom  ;  the  materials  used  in  them  shall 

be . 

c  c 
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"The  side  walls  in   them  shall  be  twelve  inches  in  height,    six 

inches  thick,    and  well  at  bottom.       They  shall   be   covered 

with . 

SUBMAINS. 

"These  shall  be  cut  forty-two  inches  deep,   eighteen  inches  wide  at 
top,  fourteen  inches  wide  at  bottom.     They  shall  be  carried  along  the 
low  side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  di>: 
from  the  fences  of  thirteen  feet,  and  through  natural  hollows,  v 
necessary.     No  submain  to  be  allowed  to  run  beyond  the  length  <>i 
hundred  and  fifty  yards,  without  discharging  itself  into  a  covered  or 
open  main  drain. 

MIXOK    DRAINS. 

"These  shall  be  cut  thirty-six  inches  deep,  fifteen  inches  wide  at  top, 
four  inches  wide  at  bottom,  and  at  a  distance  of  ticenty-six  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  two  hundred  yards  without  dis- 
charging itself  into  a  submain. 

FILLING   IN. 

"  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that  no 
water  is  standing  in  any  of  them,  the  filling  in  may  be  commenced. 


MINOR    I'K.UNS. 

"  Into  each  minor  drain  shall  be  put  ten  inches  of  broken  si 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.     Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  IK-  put  in  along  with  tin- 
stones ;  a  sod  (or  clay,  as  may  be  convenient)  tl  •  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upon  or  ranmi'-d 
haul.     The  drain  shall  then  be  filled  up  with  the  stuff  previ' 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 
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The  putting  in  of  the  stones  shall  invariably  be  commenced  at  the 
highest  part  or  head  of  the  drain. 

FILLING   IN  SUBMAINS. 

"  In  each  submain  a  conduit  shall  be  formed  of  six  inches  in 
height,  four  inches  wide,  and  the  filling  in  completed  as  above 
described. 

GENERAL  RULES. 

"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

"  Before  filling  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  clean,  and  that  no  clay  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itself.  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution." 

One  of  the  officers  of  the  Commissioners  of  Public 
Works,  Ireland,  the  Inspector  of  Drainage  for  Ros- 
conimon,  a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tile  and  broken- 
stone  drains  on  the  carboniferous  formation  : — 

"  With  respect  to  tile  drainage,  my  experience  ha 

c  c  2 
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not  been  very  extensive,  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.  As  to  the  best 
diameters,  I  have  found  the  1£"  collared  pipes  of  the 
Clonbrock  Tile  Works  (now  closed)  very  satisfactory  ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  1£  or  If.  For 
subniains  (say  150  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  2^,  and  3  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars  :  if 
4-inch  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.  The  larger-sized 
pipes  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form,  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  submain,  say  6  inches  in 
JicifjJtt  and  4  inches  wide,  be  substituted  for  the  tile 
filling. 

"  I  decidedly  prefer  an  open  duct  to  broken- stone 
filling;  and  in  nine-tenths  of  my  own  drainage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  onh 
difference  being,  that  the  minor  drains  are  a  few 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  frequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
lime,  the  additional  spoil  is  a  \vry  cheap  fertilizer  for 
the  land. 
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"  With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  8£ 
feet  deep,  33  feet  apart, — and  4  feet  deep,  42  feet 
apart.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  3^-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soil,  which  might  be  described  as  '  half  wet ;  '  yet  the 
water  lingered  sufficiently  long  to  make  the  land  un- 
sound for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  well  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1843  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commonly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Report  of 
last  year,  1843,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  '  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drains,  at  .£3  4s.  3d.  per  acre,  and  porous  soils  3 
feet  deep,  33£  feet  asunder,  at  £2  5s.  %d.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfall,  from  a  conviction 
founded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance,  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  drains  to  be 
efficient,  at  50  feet  asunder,  in  soils  of  varied  texture 
— not  uniform  clays — and  executes  them  at  a  cost  of 
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about  £%  5s.  per  acre,  being  18,s.  4d.  for  871  pipes, 
and  £1  6s.  6d.  for  53  rods  of  digging.  Communica- 
tions have  been  recently  made  to  me  by  several 
respectable  Kentish  farmers,  of  the  satisfactory  per- 
formance of  drains  deeply  laid  in  the  Weald  cla}Ts,  at 
distances  ranging  from  30  to  40  feet,  but  I  have  not 
had  the  opportunity  of  personally  inspecting  these 
drainages. 

"  The   following  little  table  shows  the  actual  and 
respective  cost  of  the   above   three   cases   of  under- 


Depth  of 
drains,  in 
feet. 

Distance 
between  the 
drains,  in  feet. 

Mass 
of  soil  drained 
per  acre, 
in  cubic  yards. 

Mass  of  soil 
drained  for  one 
penny,  in 
cubic  yards. 

Surface  of  soil 
drained  for  one 
penny,  in 
square  yards. 

2 

24 

8226J 

4-1 

6-27 

3 

33£ 

4840 

8-93 

8-93 

4 

50 

6453 

12-00 

8-96 

draining,  calculated  on  the  effects  really  produced, 
that  is,  on  the  masses  of  earth  effectively  relieved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

"I   may  here  observe,  that   Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month     of 
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February  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  March,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  the  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  full  force  of 
atmospheric  evaporation." 

With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  County  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2|-inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
flat  grounds.  Small  pipes  will  choke  unless  the 
velocity  in  them  be  sufficient  to  carry  off  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules  : — 

"  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage  ;  but  the  depth  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

"  2nd. — The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  30  feet 
wide  in  dense  soils,  and  the  same  depth  and  50  feet 
wide  in  mixed  soils. 
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"  3rd. — The  deep  drains  receive  more  water  than 
shallow  ones,  and  consequently  la}-  dry  a  greater  extent 
of  ground. 

"  4th. — The  .  deep  drains  begin  and  end  running 
sooner  than  shallow  ones,  and  carry  off  more  water  in  a 
given  time. 

"  5th. — That  where  shallow  drains  are  made  and 
deep  ones  cut  below  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

"  6th. — That  when  round  stones  are  used  as  well  as 
pipes,  the  latter  should  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Parkes,  at  pages  39  and  40,  and  my  remarks  at  pa.u< 
36  of  Letters  on  Agricultural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford's 
Patent  Socketing  M  achine)  are  best  adapted  to  loose  or 
mixed  soils." 

Pipes  laid,  however,  too  near  the  surface,  are  fre- 
quently choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  from  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  Avill 
admit.  The  following  tables  show  the  cost  per  statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
vary  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Richard 
O'DonneU's  Gold  Medal  was  £3  as.  7d.,  and  £4>  13s. 


TABLE  showing  a  Return  of  the  number  of  Acres  thorough-drained  in  the 
years  1843  and  1844,  by  the  different  Competitors  for  Sir  Richard 
O'DonnelVs  Gold  Medal,  together  with  the  Average  Prices  per  Perch,  ami 
Cost  per  Acre  respectively.  (Given  in  Reports  to  the  Royal  Agricultural 
Improvement  Society  of  Ireland.) 
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Sir  R.  O'Donnell,  Bait. 

551    0    0 

53,478 

4d. 

1  12    4 

40S    6  0 

8rf.  a  day. 

The  Earl  of  Caledon     . 

321    0  19 

47,183 

4<Z. 

295 

396    9  9 

Wd.  to  Is. 

a  day. 

J.  L.  W.  Naper,  Esq.   . 

254    1  29 

34,433 

9|<i 

583 

700    7  4 

Id.  a  day 

in  winter, 

andlOd.  in 

summer. 

Lord  Blayney  .        .    . 

201    2  30 

34,634 

5d. 

3  12    0 

427  18  0 

Wd.  to  Is. 

a  day. 

TABLE  showing  a  Return  of  the  number  of  Acres  thorough-drained  by 
Proprietors,  for  the  Society's  Gold  Medal,  and  the  Average  Prices  per 
Perch  and  per  Acre  respectively. 


A.    K.   P. 

p. 

£  s.     d. 

The  Earl  of  Erne      .    . 
Lord      Dufferin      and 

110    0  37 

3  12    3 

Clanboye   . 

203    1    0 

29,478 

10f<*. 

6  11    9 

l«.perday. 

Messrs.  Andrews     .    . 

117    1    4 

16,614 

9\d. 

5  15    0 

13<Z.  per 

day. 

Dr.  O'Neill    .        .        .  115    0  12 

.. 

2  16    3 

Id.  to  8d. 

1 

a  day. 

for  the  Society's  Gold  Medal ;  average  of  both,  £4  per 
statute  acre  nearly. 
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The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  5530,  at  an 
average  cost  per  acre  of  £4>  17s. 

In  Ireland,  thorough- drainage  is  almost  generally 
Carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  believe,  always  executed 
within  the  estimates,  and  the  owner  having  the  expendi- 
ture in  his  own  hands,  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the,  Board  executed  the  works  themselves,  a 
system  now  so  happily  changed  !  No  loans  are  made 
unless  where  immediately,  or  prospectively,  a  return 
of  6£  per  cent,  is  estimated  on  the  expenditure,  a 
rent- charge  for  this  amount  being  made  for  22  years. 


ARTERIAL    DRAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fall 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited,  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  showing  Estimates  of  the  Quantities  and  General  Cost  for  the 
Thorough-Drainage  of  a  Statute  Acre  of  Land,  wiih  broken  Stones  or 
Tiles,  with  tlie  distances  apart  for  different  class  soils. 


• 

6 

o 

a 

c 

o 

fld 

-a  2 

Cubic  yards  per 

a 

£  g 

o  d 

acre. 

r* 

O  0 

Description  of  land, 

£-§ 

"o  * 

K  ^ 

|j 

o  -S 

section  of  parallel  drain, 

rS^ 

II 

£ 

<«  3 

and  cost. 

if 

1-2 
O    CQ 

O 

11 

II 

•—*    O 

Of 

Of 

P 

*s  £> 

o  P" 

clay 

broken 

S  ft 

5 

.a 

excav. 

stones. 

M4 

M 

£ 

m 

Feet 

Perches 

Cu.  yds. 

Cu.  yds. 

£     s.     d. 

No. 

12 

220 

277 

38-5 

768 

3,630 

13 

203 

2551 

35-5 

6  15     4 

3,351 

Hard  subsoil  stiff  and 

14 

1884 

237 

33-0 

658 

3,111 

sandy  clay  drains, 

15 

176 

221 

30-8 

5  17     4 

2,904 

from  12  to  20  feet- 

16 

165 

207 

28-9 

5  10     0 

2,722 

apart,    at    8d.    per 

17 

1554 

1954 

27-2 

5     3    64 

2,562 

lineal  perch. 

18 

1464 

184 

25-9 

4  17    6| 

2,420 

19 

139 

175 

24-3 

4  12    0 

2,293 

- 

20 

132 

166| 

231 

480 

2,178 

f 

21 

1251 

1824 

29-3 

4  14    6 

2,074 

22 

120 

174| 

28-1 

4  10     0 

1,971 

23 

115 

167 

26-9 

463 

1,894 

Freestone        bottom 

24 

110 

1594 

257 

426 

1,815 

drains,  from  20  to 

25 

1054 

1534 

24-7 

3  19     14 

1,742 

30  feet  apart,  at  9d.  ' 

26 

1014 

1474 

237 

3  16     l| 

1,675 

per  lineal  perch. 

27 

97| 

142 

22-9 

3  13     4 

1,613 

28 

94 

1364 

22-0 

3  10     6 

1,556 

29 

91 

1324 

21-3 

383 

1,502 

' 

30 

88 

127| 

20-6 

360 

1,452 

/- 

31 

85 

1514 

247 

3  10  10 

1,405 

32 

824 

147 

24-0 

389 

1,361 

Beds  of  gravel,  sand, 
and  rocky   stratifi- 
cation,  from  30  to 
100  feet   apart,   at 
lOd.      per       lineal 

33 
34 
35 
36 
37 
38 

80 
77§ 
75J 
734 
71 
69 

142| 
1384 
134 

1304 

1264 
123 

23-2 
22-6 
21-9 
21-3 

20-6 
20-0 

368 
3    4    84 
3     2     9| 
3     1     li 
•2  19     2 
2  17     6 

1,320 
1,280 
1,245 
1,210 
1,177 
1,146 

perch. 

39 

674 

119| 

19-6 

2  16     li 

1,117 

40        65| 

1164 

19-1 

2  14    84 

1,089 

^ 

100       27 

47 

8-0 

126 

436 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled ;  those  for  eleven  of  these  works 
being  £186,916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £1  19s.  8d.  to  £10  6s.,  the 
average  of  the  eleven  districts  being  £4>  3s.,  which  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable  information  of 
the  cost  of  arterial  drainage  works  in  Ireland :  it  is 
extracted  from  the  Report  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  June 
16th,  1853. 

The  abstract  of  84  arterial  drainage  awards,  made  by 
the  Commissioners  of  Public  Works  in  Ireland,  in 
1854,  gives  for  different  years,  1849  to  1854— 


Number  of 
districts 
drained 

12  districts 

27  „ 

19  „ 

16  „ 

2  „ 

8  „ 
84 


The  last  line  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  13  is  the 


Total 
combined 
catcbment 
acreage  of 
districts. 

Average  cost  of 
arterial  drainage 
Area  of      per  acre  improved 
flooded  lands,      by  drainage. 
£   ft 

90,332 

9,453 

3  14 

2 

95,582 

11,579 

3  16 

7 

237,466 

13,707 

4  17 

3 

374,427 

29,452 

3  13 

4 

49,840 

3,275 

5     0 

0 

266,420 

21,033 

3     9 

4 

1,114,067 

88,501 

3  17 

7 

*  See  Parliamentary  Report,  by  Sir  Richard  Griffith,  Sir  W.  Cubitt, 
and  Jas.  M.  Rendel,  June  16th,  1853,  pp.  14,  15. 


» 


ORIFICES,    WEIRS,  PIPES,   AND  RIVERS.  399 

average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The  original  and  revised  esti- 
mates for  these  works  were  considerably  exceeded 
in  almost  every  case,  and  the  landowners  having 
justly  resisted  any  payments  exceeding  their  original 
assents,  they  succeeded.  See  BEPORT  OF  THE  COM- 
MISSIONERS OF  INQUIRY  INTO  THE  WORKS  OF  ARTERIAL 
DRAINAGE  IN  ELEVEN  DISTRICTS  IN  IRELAND,  pre- 
sented to  the  House  of  Commons,  June  16th,  1853. 


SECTION  XIV. 

WATER  AND  HORSE  POWER. — FRICTION   BRAKE,  OR  DYNA- 
MOMETER.  CALCULATION    OF   THE   EFFECTIVE    POWER 

OF     WATER    WHEELS. OVERSHOT,     UNDERSHOT,     AND 

BREAST  VERTICAL  WHEELS. HORIZONTAL  WHEELS  AND 

TURBINES. — HYDRAULIC  RAM. WATER  ENGINE. 

Taking  the  representative  of  a  horse's  power  at 
33,000  foot-pounds,  or  33,000  Ibs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfall  is  expressed  by  the  fall  in  feet,  multiplied  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62£  (the  weight  in  Ibs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  33,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  different  temperatures, 
Fahrenheit's  thermometer. 
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WEIGHT   OF   A   CUBIC   FOOT   OF   WATER. 

The  weight  o/36  cubic  feet  of  water  is  one  ton, 


Tempe- 
rature, in 
degrees. 

Weight  of  a 
cubic  foot  of 
water.  Pounds 
Avoirdupois. 

Tempe- 
rature, in 
degrees. 

Weight  of  a 
cubic  foot  of 
water.  Pounds 
Avoirdupois. 

Tempe- 
rature, in 
degrees. 

Weight  of  a 
cubic  foot  of 
water.  Pounds 
Avoirdupois. 

32- 

62-375 

51 

62-365 

69 

62-278 

33 

62-377 

52 

62-363 

70 

62-272 

34 

62-378 

53 

62-359 

71 

62-264 

35 

62-379 

54 

62-356 

72 

62-257 

36 

62-380 

55 

62-352 

73 

62-249 

37 

62-381 

56 

62-349 

74 

62-242 

38 

62-381 

57 

62-345 

75 

62-234 

39 

62-382 

58 

62-340 

76 

62". 

40 

62-382 

59 

62-336 

77 

62-217 

41 

62-381 

60 

62-331 

78 

62-208 

42 

62-381 

61 

62-326 

79 

62-199 

43 

62-380 

62 

62-321 

80 

62-190 

44 

62-379 

63 

62-316 

81 

62-181 

45 

62-378 

64 

62-310 

82 

62-172 

46 

62-376 

65 

62-304 

83 

62-162 

47 

62-375 

66 

62-298 

84 

62-152 

48 

62-373 

67 

62-292 

85 

142 

49 

62-371 

68 

62-285 

86 

62-132 

50 

62-368 

87 

62-122 

16,500  foot-pounds,  or  one  half  of  the  above,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through  the  country;  33,000  Ibs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14'73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  fall  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  miles,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
rlianm-l  ;  or  live  square  miles  will  give  the  same 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  401 

result,  if  the  collection  amounts  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  530  cubic  feet  per 
minute,  for  the  same  period;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  322  &  323. 

The  effective  power  of  a  fall  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,*  the  theoretical 
head,  h,  due  to  it  is  found  in  feet  from  the  formula  h  = 
•0155  v2,  v  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  effec- 
tive power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefficients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  off,  than  with  any  other 
form  of  orifice  or  notch ;  and  when  it  can  be  effected, 
the  channel  above  should  be  sufficiently  enlarged  to 
prevent  the  effects  of  an  approaching  current.  We 
have  already  in  the  body  of  this  work  dwelt  in  detail 
on  the  various  formulae  required  for  gauging  under 
different  circumstances.  The  accuracy  of  results, 
showing  the  effective  powers  of  wheels,  depends  in 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheel,  requires  to  be  estimated  also, 

D  D 
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and  deducted  from  the  fall  or  head,  to  find  the  effective 
fall,  and  the  effective  power  of  a  wheel. 

FRICTION   BRAKE,    OR   DYNAMOMETER. 

The  power  applied  to  a  revolving  shaft  through  a 
water  wheel  of  any  construction,  is  the  weight  of 
water  multiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  turn-  a  shaft  and 
machinery,  or  the  effective  power,  must  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 

FIG.  44. 

FRICTION   BRAKES,    OB   DYNAMOMETERS. 


changes  of  direction,  friction,  eddies,  and  discharging 
currents.     The  greater  the  effective  power  conveyed 
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to  a  shaft,  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.  The  mechanical  effect  produced  by  a 
revolving  shaft  is  best  measured  by  a  friction  brake, 
the  principle  of  which  is  as  follows.  In  diagram  1, 
Fig.  44,  let  the  friction  pulley  AA  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  E  and  E,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the  axis,  and  also  to  the  arm  r,  by  means  of 
suitable  nuts.  The  more  tightly  the  bolts  are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  AA,  and  the  clamping  pieces  EE.  If, 
while  the  axis  and  friction  pulley  AA,  are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  r  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  multiplied  by  the  friction  due  to  the  pressure 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3-14159  X  w,  in  which  expression  w 
is  the  weight  in  Ibs.  in  the  scale  i.  If  n  be  the  number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  x  3-14159  x  w  x  n. 

We  have  also  the  power  of  the  water  acting  on  the 
wheel,  equal  to 

h  x  D  x  62-37, 

in  which  h  is  the  head  and  D  the  discharge  in  cubic 

D  D  2 
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feet  per  minute ;  therefore  we  shall  have  for  the  ratio 
of  the  effect  to  the  power  the  expression 

•2  L  x  3-14159  x  w  x  n  _        L  w  n 
h  x  D  x  62-37~~        ~  9-926  D  h' 

If  the  revolving,  shaft  be  horizontal,  the  weight  of 
the  arm  F,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  L,  where  the  weight  w  is  suspended,  will 
have  to  be  included  in  the  weight  w.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers,  or 
other  mechanical  powers,  the  length  L  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  3,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  Lowell  experiments.  The 
length  of  the  arm  of  the  brake  L,  was  9'745  feet;  the 
length  of  the  vertical  arm  I  of  the  bell  crank  4'5  feet ; 
and  the  length  of  the  horizontal  arm  I'  5,  feet.  The 
following  detailed  description  is  by  Francis : — 

"  The  Friction  Pulley  A  is  of  cast-iron,  5'5  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  B,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

"  The  friction  pulley  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  c  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  in  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  are  at  the  same  temperature, 
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the  ends  of  the  arms  are  in  contact  with  the  Motion 
FIG.  45. 

DYNAMOMETER   FOR   DETERMINING  THE   USEFUL   EFFECT   OF  THE   TREMONT 
TCRBINE. 


0    6IIZ 
I, III 


pulley.     The  friction  pulley  was  made  of  great  thick- 
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ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley.  This  renders  great  stiffness  neces- 
sary in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
small  irregularities. 

"  The  brakes  E  and  F  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  G  G, 
which  are  two  inches  square. 

"  The  bell  crank  F',  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator K;  this  end  carries  also  the  pointer  L,  which 
indicates  the  level  of  the  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  F,  by  the  link  M. 

"  The  hydraliuc  regulator  K,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  d}Tnamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  in  1844. 
Its  office  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

"  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  cast-iron  cylinder  K,  about  1*5  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cj'linder,  moves  the  piston 
N,  formed  of  plate-iron  0*5  inches  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell  crank  by  the 
piston  rod  o.  The  circumference  of  the  piston  is 
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rounded  off,  and  its  diameter  is  about  —g-  inch  less  than 
the  diameter  of  the  interior  of  the  cylinder.  The  ac- 
tion of  the  hydraulic  regulator  is  as  follows.  The 
cylinder  should  be  nearly  filled  with  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  friction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  movement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cylinder;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

"  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  bell  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel. 

"  To  lubricate  the  friction  pulley,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  full,  during  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
0'0288  cubic  foot  per  second. 

"In  many  of  the  experiments  with  heavy  weights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
being  shut  off.  It  is  found,  that,  with  a  small  quantity 
of  oil,  the  friction  between  the  brake  and  the  pulley  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oil,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  sufficient  to  keep  the  pulley  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experiment  was  stopped,  and  water 
let  on  by  the  jets,  until  the  pulley  was  cooled.  As  the 
pulley  became  heated,  the  brake  screws  required  to  be 
gradually  slackrm '<!.  "Water,  linseed  oil,  and  resin  oil, 
wnv  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  and  Lindsay's  mill,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Gardner,  of  Armagh.  One  of  the  common  causes  of 
the  swinging  or  vibratory  jumps  of  the  arms  F,  in  Figs. 
44,  45,  and  46  is,  that  very  often  the  friction  pulley,  or 
drum  A,  A,  must  be  made  in  two  parts,  so  as  to  be  fixed 

FIG.  46. 

FRICTION   BRAKE,    USED  AT  CRAWFORD   AND   LINDSAY'S  MILL,   BY   PROFESSOR 
JAUES  THOMSON,    TO  DETERMINE  THE  POWER  OF  THE   TURBINE. 


Length  of  the  brake,  L,  Fig.  45,  adjusted  .        .     9745  feet. 
Effective  length  of  vertical  arm  I  .        .         .     .     4'5       ,, 
Effective  length  of  horizontal  arm  I'  .        .         .     5'0        ,, 
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to  its  place  on  the  shaft.  This  fixing  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  E,  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  friction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  effect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  383  and 
392:— 
The  effective  length  of  the  brake  was  therefore 

9'7^5  *  5  =  2  X  10-827778  feet ;  and  the  circumfer- 
4*5 

ence  of  a  circle  of  this  radius  —  10*827778  X  3*14159 
=  68-0329  feet. 

In  the  first  experiment  on  the  Treinont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  '89374,  and  the  weight  in  the  scale  1443'34  Ibs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68*0329  X  '89374  X  1443'34  = 
87680*3  Ibs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge-weir  in  cubic  feet  per 
second  was  139*4206,  and  the  total  fall  acting  on  the 
wheel  12'864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12*864  X  139*4206  X 
62*375  =  111870  feet-pounds  per  second,  62*375  being 
taken  as  the  weight  in  Ibs.  of  a  cubic  foot  of  water  at 
32°  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  503'5 

seconds),  to  the  power  expended,  is  therefore  - 

llloTO 

=  *784,  or  about  78i  per  cent.     The  effect  in  the  ex- 
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periments  generally  appears  to  have  been  a  maximum, 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  velocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1*333  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determining  the  useful  effect 
of  the  vortex  turbine,  erected  from  his  designs  at  Bally- 
sillan,  Ireland,  L  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  3*14159 
X  8  feet  4  inches  =•  26*18  feet.  In  the  first  experi- 
ment, taken  from  the  tabulated  results,  page  419,  we 
get  26'18,  the  circumference  multiplied  by  46*31,  the 
weight  in  Ibs.,  and  the  product  by  323*3,  the  number 
of  revolutions  per  minute,  equal  to  391,967  foot-pounds, 
for  the  effect  transmitted  from  the  turbine  or  work 
done.  We  have  also  354*4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  minute,  multiplied  by 
62*37,  the  weight  of  a  cubic  foot  of  water  in  Ibs.,  mul- 
tiplied by  23*73  feet,  the  available  fall,  equal  to  524,526 

foot-pounds :  therefore        '         =  "747  is  the  useful 
524,526 

effect,  that  in  the  table  being  "7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  drum  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to  which 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  5'*4"  X  6"  X  4"£,  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  drum.  The  clamping  pieces  were  about  2  feet  5 
inches  long  externally. 

FOR  OVERSHOT  WHEELS  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  3  to  2,  and  therefore  the 
effective  horse-power, — -taking  33,000  foot-pounds  per 
minute,  or  530  cubic  feet  falling  one  foot,  as  a  standard, 
— will  be  49,500  Ibs.  of  water,  or  795  cubic  feet,  falling 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
'76  times  the  theoretical  power;  "Weisbach  '78  times 
for  the  wheel  of  a  Stamp  Mill  at  Frieberg,  which  was 
23  feet  high,  3  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  horse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
'76  or  '78,  which  will  give  43,600  foot-pounds,  or 
43,300  foot-pounds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  poivers  so  estimated,  and  the 
effects  at  the  maximum,  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  II. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7'6  to  that  of  10  to  <Vi>. 
that  is,  nearly  from  4  to  3  to  4  to  2.  In  those  rxpc-ri- 
ments  where  the  heads  of  water  and  quantities  expended 

*  Some  valuable  experiments  on  the  power  of  water  wheels  aiv  ^iveii 
by  Rwmie,  in  Weulo's  Quarterly  Papers  ou  Kii'^tiieering,  vol.  vi.  They 
however  require  reduction.  An  effect  of  '75  requires  a  flow  of  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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are  least,  the  proportion  is  nearly  as  4  to  3,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole, 

TABLE  containing  the  Result  of  Sixteen  Experiments,  on  a  Model 
Overshot  Wheel,  by  Smeaton. 
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the  ratio  is  that  of  3  to  2,  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  3  to  1 ;  the  effect,  therefore,  of  over- 
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shot  ivheels,  under  the  same  circumstances  of  quantity 
and  fall,  is  at  a  medium  double  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  original  power  ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  from  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in  column 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8' 1  to  that  of  10  to 
8'5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  8'1  to  8'5,  by  an  increase  of  head  from  3 
inches  to  11,  the  excess  of  8'5  above  8'1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  lu';i<l 
of  11  inches,  above  that  of  3  inches  :  so  that  if  we 
reduce  8'1  to  8,  on  account  of  the  impulse  of  the  3-inch 
head,  ice  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect  at  ama.rl- 
mum,  as  10  to  8  or  as  5  to  4,  nearly ;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  us 
the  quantities  ofivater  and  perpendicular  heights,  mul- 
tiplied together. 

FOR  BREAST  WHEELS,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  '5  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.  Morin 
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gives  an  efficiency  of  from  *52  to  *7.  Egen,  with  a 
wheel  23  feet  in  diameter,  4£  feet  wide,  having  69 
ventilated  buckets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  '52,  under  ordinary  circumstances 

TABLE  containing  the  Res^dt  of  Twenty-seven  Experiments,  on  a  Model 
Undershot  Wheel,  by  Smeaton. 
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•48,  the  mean  amount  being  *5.    Very  wide  wheels 
give  a  larger  effect,  sometimes  as  high  as  *7 ;  but  a 
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great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  construction  of  the  wheel  and  buckets. 

POXCELET'S  WHEEL  is  seldom  if  at  all  used  in  these 
countries.  The  effective  power  is  *5,  or  1,060  cubic 
feet  of  water  falling  one  foot  for  the  standard  horse- 
power. 

FOE  UNDERSHOT  WHEELS  the  mean  effect  may  be 
taken  at  one-third,  or  '33,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effective  horse's  power;  a  maximum  effect  of  *5  is 
sometimes  approached,  and  a  minimum  of  *26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Srneaton.  The  virtual  or  effective  head  is 
here  termed  the  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  following  "maxims"  from  the 
foregoing  experiments.  Their  truth,  independent  of 
any  experiment,  will  be  apparent : — 

7. — Tliat  the  virtual  or  effective  head  being  the  same,  the  effect  will  be 

nearly  as  the  quantity  of  water  expended. 
II.  — Thai  the  expense  of  water  being  the  same,  the  effect  will  be  nearly 

as  the  height  of  the  virtual  or  effective  head. 
III. — That  the  quantity  of  water  expended  being  the  same,  the  effect 

is  nearly  as  the  square  of  the  velocity. 
IV. — The  aperture  being  the  same,  the  effect  will  be  nearly  as  the  cube 

of  the  velocity  of  the  water. 

FOR    TURBINES     OR    HORIZONTAL   WHEELS,     a    Useful 

effect  of  two-thirds  or  *67  may  be  assumed,  or  49,500 
foot-pounds  in  a  minute  for  a  horse-power,  and  the 
efficiency  varies  from  '5  to  '8,  or  less.*  Poncelet's 

*  In  our  first  edition  we  gave  an  efficiency  of  '821,  on  the  authority 
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turbine  gives  an  efficiency  of  '5  to  *6.  Floating  wheels 
'38,  impact  wheels  from  "16  to  *4,  and  Barker's  mill 
from  '16  to  *35.  We  believe  that  the  efficiency  of  the 
turbine  has  been  too  often  over-estimated,  and  that 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  believe,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
with  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  and  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  Ballysillan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Robinson,  Armagh,  in  the  Proceedings  of  the  Royal 
Irish  Academy,  vol.  iv.,  p.  214.  On  again  glancing  over  this  paper, 
we  believe  there  are  mistakes,  which  vitiate  the  results  there  given ; 
first,  in  the  formula  for  calculating  the  discharge  over  the  weir,  and 
next,  in  the  formula  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  *88,  p.  3,  in  his  book. 


418  THE  DISCHARGE  OF   WATER  FROM 

"  Numberless  are  the  varieties,  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  from  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — First,  the  water  may  act  directly 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  fi'om 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  by 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engine,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressure  due  to  the  height  of  fall,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  communication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  turbines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is-susceptible.  In 
our  own  country,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention,  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfully  into  use  by  the  author. 
"  In  this  machine  the  moving  wheel  is  placed  within 
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Remarks  entered  at  the  time  of 
the  experiments,  and  relating  to 
the  supposed  accuracy  of  the 
experiments. 

Satisfactorily  accurate. 
Satisfactorily  accurate. 
Good. 
Water  supposed  running  over. 
One  of  the  best,  no  water  lost. 
SSome  water  lost  at  water  case,  and 
water  too  low  part  of  time. 
Good. 
Good,  one  of  the  best. 
Very  good. 
Very  good. 
Excellent. 
Arm  not  very  steady. 
Arm  not  very  steady. 

Abstract  of  the  Data  and  Calculations  according  to  which  the  Vortex  Wheel  was  designed. 
Total  Height  of  Pall  =  24  feet,  Standard  quantity  of  Water  —  420  cubic  feet  per  minute.  Calculated  speed  292  '5  revolutions  per  minute 
Effective  Standard  Power  at  an  efficiency  of  75  per  cent  =  16'25  Horse  Power.  Supply  pipe,  21  inch  bore.  Diameter  of  wheel,  1  ft.  Si  ins 
REMARKS.  —  It  is  to  be  observed,  that  as  the  experiments  happened  to  be  made  in  dry  weather,  the  stream  in  none  of  them  supplied  the 
standard  quantity  of  water  for  which  the  wheel  was  more  particularly  adapted.  Even  with  the  diminished  quantity  of  water,  the  efficiencies 
experimentally  found  were  very  high.  It  is  also  to  be  observed,  that  in  some  of  the  experiments  the  resistance  to  the  wheel  was  purposelj 
made  less  than  what  was  most  suitable  for  the  water  supply.  The  wheel  thus  ran  considerably  too  fast  in  those  experiments,  and  conse 
quently  the  efficiencies  in  them  came  to  be  not  so  high  as  in  the  others  that  were  more  properly  arranged.  Also,  from  information  receivec 
nfter  the  time  of  the  experiments,  it  appeared  that  during  the  experiments  the  Joint  Rings  of  the  Vortex  were  not  screwed  properly  close 
to  the  rings  of  the  Water  Wheel  ;  and  that  on  their  being  afterwards  screwed,  the  power  of  the  wheel  was  sensibly  increased.  It  is  there 
fore  probable  that  still  higher  efficiencies  are  attainable  than  those  shown  by  the  above  experiments. 

•001  2inaq 
aa^vto.  sq*  <4  anp 
3(ao^Y  aqi  'jaaq^  aq^ 
A*q  ^no  uaAtS  ^ao^  ao 

I-HC5*Or-iCi      r-  (      COOOOrH^r-ICO 

•ainuira  aad 
spnnod-^oof  ui  aa:re.a». 
jo  {ttJj  aq^.  03.  anp  2[aOjy^ 

•paqAV  eq?  A"q 
jno  u9At3  aaa.voj  asaojj 

S255SS  8  £S§S§itS 

33223  S  SS000101^ 

"a^nurui  aad  spunod 
^ooj  u;  '3(eaag  uoi^oia^ 
•ye  ^no  uaAi8  n-ioj^ 

ill  I 

$3M  o^  papnpap  Stnaq 
6£-  1  'laaq^y  aq^  o^  pai[d 
-dns  'a^nuica  aad  aa^rej^ 
jo  ^aaj  oiqno  jo  aaqtnnjj 

•^^^•^•^    ^    t^b-^-t-t-eoco 

aaAO  9}nmui  aad  Mye& 
jo  ^aaj  oiqno  jo  aaquin^j 

CO  CO  CO  CO  CO      00      rHrHrHpHrHJf-t-* 
0*00*00      >O      rH  i—  (i—  !  r-  1  rH  i—  1  rH 

•ijaaj  8  Smaq  .11  o_\\ 
jo  q^Suai  'aia^'aaAO 

22222  2  illllll 

nfn,JJoTqLqW0X 

SS3S3S3S  §5  SSSSS3S5S 

•{Kjnmca  aad  VBqg  jo 

COCirH(-HO      r-H      CMOlOCOtO^OO 

•juacuuadx^f 
Snunpyeqg  jo 
snoiinioAo^j  jo  aaqcnn  hj 

1 

'itiacHiaadx^ 
qoBajb  araix 

i 

•spnnod  ut  J(csag  jo 
pao^  uo  ^qSiaAi  [^oj. 

S««CO«     CO     CO  CO  «  CO  55  «  CO 

;SSS§S  co  S'^««SS3 

•s;uoui 
-uadxg  jo  aaqmnjij 

—  7  1  :  -.  -r  0     O     l~COO>OrHCMCO 

E  E  2 


420  THE  DISCHARGE  OF  WATER  FROM 

a  chamber  of  a  nearly  circular  form.  The  water  is 
injected  into  the  chamber  tangentially  at  the  circum- 
ference, and  thus  it  receives  a  rapid  motion  of  rota- 
tion. Retaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is  placed  within  the  chamber,  and 
which  almost  entirely  fills  it,  is  divided  by  thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.  The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  ;i 
whole. 

"  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressure  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

"  The  height  of  the  fall  for  the  first  vortex  is  about 
37  feet,  and  the  standard  or  medium  quantity  of  water, 
for  which  the  dimensions  of  the  various  parts  of  the 
wheel  and  case  are  calculated,  is  540  cubic  feet  per 
minute.  "\Vith  this  fall  and  water-supply  the  esti- 
mated power  is  28  horse-power,  the  efficiency  being 
taken  at  75  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance  with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  355 
revolutions  per  minute.  The  diameter  of  the  wheel 
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is  22f  inches,  and  the  extreme  diameter  of  the  case 
is  4  feet  8  inches. 

"  In  the  second  vortex,  the  fall  being  taken  at  7 
feet,  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  the  efficiency  of  the 
wheel  being  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

"  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distinct 
circumstances,  will  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Respecting  their  principles  of 
action  some  further  explanations  will  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  the  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  should  move  with  the  velocity  which  a  heavy  body 
would  attain,  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  fall  of  the  water,  or  in  other  words, 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  all  the  water  required  is  flowing  through  them, 
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it  also  may  have  a  velocity  due  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamber  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit ;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  effects  of 
fluid  friction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  consideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
account.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent. 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  Mechanics'  Magazine  for 
January  18  and  January  25,  1851  (London). 

"  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufficient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
passages  in  the  wheel ;  secondly,  to  the  employment, 
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for  simplicity,  of  invariable  entrance  orifices,  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combined 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  fall  below  the  wheel. 

"In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  fulfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  which 
is  more  usual  in  turbines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wheel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge, 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  proper  velocities  of  the 
water. 

"  The  principle  of  injection  from  without  inwards, 
adopted  in  the  vortex,  affords  another  important 
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advantage  in  comparison  with  turbines  having  the  con- 
trary motion  of  the  water ;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  large  and  well- 
forined  injection  channels,  in  which  the  water  can  he 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  the 
same  principle,  that  the  very  simple  and  advantage- 
ous mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  all  times  very  suitable  forms  for 
the  converging  water  channels. 

"Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  being  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  the  contrary 
fluid  pressures  due  to  half  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-half  of 
the  work  due  to  the  fall  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  from  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva.  Thus  the  velocity  of  the 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low ;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  turbines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  fall.  The  much  smaller 
amount  of  action,  or  agitation,  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"  In  the  vortex,  further,  a  very  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifugal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply ;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely ;  thus  counteracting,  in  a  great 
degree,  the  irregularities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
venience often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

"  The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Glasgow,  to  drive  a  new 
beetling-mill  of  Messrs.  C.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  tune  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  unusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  others  in  progress ;  of  which  it  may  be 
sufficient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Bally  shannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  River  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly even  in  the  dryest  weather.  The  lake  has  also 
the  effect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  will  consequently  be,  through  a  con- 
siderable part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tail-race  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  wrater  of 
the  head-race  will  also  rise  to  such  a  height  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  undershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis'  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  Mills, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  effect  '794  was  obtained  from  the 
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Tremont  turbine  experiments,  when  the  velocity  of 
the  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  fall  as  '63  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
'51  to  1.  In  the  Boott  centre-vent  wheel  the  maxi- 
mum effect  "797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  '64  to  1 ;  and  a  like  effect  was  produced  when 
this  ratio  was  '708  to  1.  Indeed,  between  these 
ratios  the  useful  effect  was  nearly  the  same ;  an 
effect  of  '78  to  '79  was  obtained  for  all  such  ratios 
between  limits  of  '59  and  *71  to  1,  averaging  a  ratio 
of  '65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufficient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  from  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 


TABLE  showing  tJie  Remits  o/"  Experiments  upon  a  Model  of  a  Centre-vent  Water 
Wheel,  and  aleo  upon  a  Centre-rent  Water  Wheel  at  the  Soott  Cotton  3/7/7*,  Lowell, 
Massachusetts,  arranged  from  Mr.  Franci*  valuable  Experiment*.  Diameter  of 
Wheel  to  the  outside  of  the  Buckets,  about  9'3  feet.  Depths  of  External  Guide 
Curves  about  "75  foot.  External  height  of  Wheel  about  1'5  feet.  Number  of 
Sucketi,  40.  Mean  height  of  the  orificet  between  the  Ghiides,  1  foot.  Diameter  of 
Sujtply  Pipe,  S  feet.  The  firtt  Seven  Experiments  icere  made  on  a  Model,  the  Ex- 
terior Diameter  of  the  Wheel  beiny  2"2|  inches,  Interior  Diameter  19J  inches,  height 
between  th,  ichet,  anil  th<-  number  of  Buckets  30.  The  Construction  of 

the  Wheel  in  *huic>i  in  Mr.  Francis' Book,  and  all  necessary  Details.  The  general 
principle  of  the  Centre-cent  Wheel  of  Pmnc-is'  and  Thomson's  Tortex  Whrrl  appears 
to  be  the  same  ;  the  Guide  Blades  being  fewer  in  the  latter,  and  capable  of  a'/juat- 
ment. 


B 

I 

| 

il 

fll' 

i_: 

"a  L, 

?  ?"3  . 

'-•-•- 

H  il; 

=  S 

c 

f 

££•3 

£  «  o 
K     X 

c  g 

f?i| 

5^-ir 

8i 

|| 

l| 

*ii 

S| 

c  t 

•-  X 

f  If 

5^1  = 

llil 

£? 

a  - 

&? 

Z.s 

C  G  ^ 

111 

a- 

*M 

1  f-^""= 

'~\  ~  i 

frgJa; 

•r  £>   - 

=  £ 

£ 

M 

™  %  P* 

if* 

^.    ~ 

st  --• 

.£  -  ?  ? 

5  —  — 

fc^ 

ft 

3™  0 

V^  *3  ^3  ^ 

& 

n 

31 

*f 

F 

AS.*- 

>z'r 

ki- 

l 

2 

3 

4 

5 

6 

7 

S 

9 

lo 

l 

2-52 

•365 

2-15 

3877 

1-14 

10- 

•079 

1273 

6-88 

2 

2-46 

•366 

2-16 

331-5 

1-34 

11- 

•711 

3 

2-50 

•367 

2-17 

338-0 

1-64 

12-5 

Tie 

4 

2-00 

•372 

2-21 

358-2 

170 

12- 

708 

12-93 

10-08 

5 

2-60 

•373 

2-22 

301-3 

1-73 

1  1  •:, 

•(;','•_' 

12-96 

6 

8-60 

•373 

222 

559-6 

171 

11-5 

12-98 

10  --'0 

7 

2-60 

•374 

2-23 

300-8 

1-90 

10-0 

12-98 

11-15 

8 

14-00 

67-53 

•69 

676-8 

•877 

9 

1  1-67 

1-268 

64-89 

•88 

202-1 

10 

14-57 

1-282 

00-13 

78 

107--' 

21-21 

11 

14-16 

1  -28  1 

68821-6 

15-97 

12 

14-20 

1-290 

67-08 

•50 

•881 

14-66 

13 

14-14 

1-288 

46 

«78 

30-16 

18-18 

14 

14-24 

1-294 

67-87 

931-9 

7-40 

15 

1-211 

01  'OS 

64486-4 

1-01 

10 

14-29 

1-514 

85- 

76782-8 

1-01 

884-1 

17 

14-28 

1-681 

80-35 

441*8 

18 

14-20 

77098-2 

501-8 

•413 

19 

14-19 

1  T.17 

87-68 

77607-2 

•90 

•114 

80-21 

26-43 

20 

14-19 

•86 

26-12 

21 

13-78 

L-676 

90-17 

77480*4 

•i  ;o 

955-5 

2977 

22 

18-61 

9170 

77812-1 

•00 

1140-9 

•590 

17-64 

23 

18-94 

1-418 

77-11 

670767 

1-18 

29-9 

24 

13-52 

1-642 

1-05 

29-49 

82-44 

25 

13-37 

1-678 

98-49 

•99 

•4S7 

29-14 

20 

18-87 

1-695 

100-12 

•90 

•676 

29*82 

27 

13-40 

1-718 

102-48 

85571-4 

1001-5 

24-20 

28 

13-38 

1728 

!<>•_'  si! 

86800-0 

79 

1107-4 

•MM 

29 

13-34 

1781 

86188-0 

•75 

1206-0 

•710 

21-89 

30 

18-88 

1784 

10877 

79 

1269*8 

•720 

21-26 

31 

1  7:::'. 

10870 

86229-8 

•71 

1297-8 

788 

32 

13-30 

104-28 

•70 

781 

33 

1370 

1-598 

92-08 

78648-0 

L-88 

34 

13-40 

1-888 

112-68 

•71 

797 

35 

13-43 

1-837 

112-99 

•70 

1684-0 

20-61 

:;.; 

1-832 

112-66 

L618-9 

797 

87 

13-38 

1-887 

113-00 

•67 

1644-4 

797 

T.I  -71 

:;s 

1-838 

113-07 

•66 

1676-1 

798 

39 

1-839 

113-16 

94471-1 

•65 

1705-5 

796 

10 

1-838 

118-09 

7W 

18-67 

41 

L-844 

94881-9 

•68 

791 

42 

18-40 

1-861 

114-29 

•01 

787 

. 

1-848 

118-97 

•59 

781 

17-38 

44 

13T.4 

1-809 

98270-1 

46 

13-57 

1-807 

110-88 

27i'3'3 

13-60 

1-688 

1-29 

•• 

37-70 

TABLE  showing  the  Results  of  Experiments  vpon  the  Turbine  at  Tremont  Wilt, 
Lowell,  Massachusetts,  arranged  from  Mr.  Francis'  valuable  Experiments.  Dia- 
meter, measured  to  the  Exterior  Circumference  of  Crowns  of  the  Wheel,  8 '333  feet. 
Height  of  Buckets  from  top  of  the  Di»c  to  the  bottom  of  the  Garniture,  '97  feet. 
Number  of  Buckets,  44.  Width  of  the  Buckets,  '8  foot  nearly.  Width  of  Chtide 
Curves,  2'3feet  nearly.  Number  of  Ditto,  33.  A  Double  Weir  with  4  end  construc- 
tions, and  16'98/frf  long,  used  for  gauging  the  Water,  the  Crest  being  6'5feet  above 
the  floor  of  the  Wheel  Pit.  The  Fulls  show  the  difference  of  heads  in  the  Forebay  and 
Wheel.  Pit.  For  further  details,  see  Francis'  Lowell  Hydraulic  Experiments,  pp. 
1  to  43.  The  supply  pipe  is  fully  a  quadrant,  and  varies  from  6  to  9  feet  in  diameter. 
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and  that  also  the  Height  between  the  Crowns  is  one-tenth  of  the  Outside  Diameter. 


Out-i<lc  diaiiu'tc'r2    ft.  Outside  diameter  3    ft 

Outside  diameter  4    ft.  Outside  diameter  5    ft. 

Inside            ,.         1-56,,  Inside           ,.         238, 

Inside           „         3  24  „  Inside           ..        4'11  .. 
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TASLE  of  Turbines  of  different  Diameters,  modified  from  Francis,  operating  with  different 
Falls ;  assuming  the  useful  effect  is  seventy -five  per  cent,  of  the  power  expended,  that  the 
Velocity  of  the  Interior  Circumference  is  fifty-six  per  cent,  of  the  Velocity  due  to  the  Fall, 
and  that  also  the  Height  between  the  Crowns  is  one-tenth  of  the  Outside  Diameter. 


Outside  diameter  6    ft. 

Outside  diameter  7    ft. 

Outside  diameter  8    ft.  Outside  diameter  10  ft. 
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[nside           „        5'90  „ 

[nside          „        6'81  „ 

Inside           „        8-67  ,, 
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Number  of  buckets  54. 
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432  THE  DISCHARGE  OF  WATER  FROM 

THE  HYDRAULIC  RAM  has  been  applied  with  advantage 
in  raising  water  to  a  considerable  beigbt  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Eytelwein,  did  not  exceed  in 
any  of  them  1480  Ibs.  raised  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  only 
7400  Ibs.  one  foot  high  per  minute,  and  had  a  useful 
effect,  it  is  reported,  of  '65.  This  ram  was  put  up 
at  Mello,  near  Clerniont-sur-Oise.  Its  dimensions 
were — 

Length  of  the  body  pipe  or  injection  pipe  .         .     108  feet. 

Diameter 4 '3  inches. 

Weight  of  body  pipe 3190  Ibs. 

Weight  of  head 440  Ibs. 

Contents  of  air-chamber 1£  gallons. 

This  rani  worked  under  a  head  of  37  feet,  discharging 
in  use  31^  gallons  each  minute,  and  raising  3*85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  (  x- 
periments  had  the  following  dimensions — 

Length  of  the  body  pipe  or  injection  pipe .  43  feet  9  inches. 

Diameter  of  ditto          .        .         .         .     .  0  feet  2J  inches. 

Contents  of  air-chamber   ....  I'D  4  gallons. 

-\!< -;i  of  tail  or  escape  valve  .         .         .     .  374  square  inches. 
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and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

d  h'  /h' 

-h  =  1-42  -  -28  V|  : 

in  which  D  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  h' 
the  lift  of  the  quantity  d.  By  a  slight  reduction  we 

get  

d  h'  ==  1'42  D  (h  -  '28  V  h  h') 

for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

d  h'  =  1-2  D  (h  -  -2  VTfc') 
for  the  work  done. 

EXPERIMENTAL  RESULTS — HYDRAULIC  RAM. 
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8-89 

1-05 

•754 

•71 

8-62 

26 

4    63 

32    4 

7-2 

5-23 

•495 

•672 

•67 

107 

31 

5    0 

38     7 

77 

8-05 

•704 

•667 

•65 

11-54 

23 

4     1 

38     8 

9-47 

11-11 

•649 

•548 

•56 

17"2 

17 

3     0 

32    2 

10-7 

10-8 

•479 

•473 

•51 

22-6 

15 

3     3 

38     8 

11-9 

12-34 

•363 

•352 

•45 

33-8 

14 

2    6 

38    8 

15-5 

11-95 

•22 

•284 

•32 

54-6 

10 

1  Hi 

38     8 

19-3 

9-81 

•088 

•181 

•18 

106-6 

Eytelwein  recommends,  that  the  length  of  the  body- 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 
inches  equal  '58  V  D  ;  the  diameter  of  the  rising  pipe 
'3  V  D  ;  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  D  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 
=  1'5  VD^  and  that  of  the  rising  pipe  =  '75  V  D. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son  : — 

TABLE  OF  EXPERIMENTAL  KESVLTS — HYDKATLIC    i:AM. 


Height. 

Water  per  Minute. 

Mean 

dk' 

Ratio 

Fall 

Elevation 

Expended 

Delivered 

dh' 
Dh 

h 

A 

D 

d 

Ft.      In. 

Ft.    In. 

Gallons. 

Gallons. 

8'      6" 

52*    8" 

15 

1-37 

•57 

37       2 

195     0 

31 

3-85 

•653 

... 

34       9 

111  11 

18-5 

374 

•651 

•66 

3       3 

14  11 

437 

59-18 

•629 

22     10 

196  10 

2-86 

0-22 

•671 

In  several  experiments  made  by  the  author  in  I860, 
for  the  Directors  of  the  Midland  Great  Western  Rail- 
way, Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  lifts  varied  from  22  to 
24  feet,  the  ratio  of  the  effect  to  the  power  varied  fr 
"4  to  '84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  95  beats  in  a  niin 
An  effect  of  '395  was  got  with  a  fall  of  14  feet,  a  lift  of 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patented 
improvements  in  this  machine,  and  have  raised  w; 
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to  a  height  of  330  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls, 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

WATER-PRESSURE  ENGINES  give  a  useful  effect,  vary- 
ing up  to  70  per  cent,  for  the  best  constructed.  An 
immense  amount  of  mechanical  skill  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  83  per  cent,  has 
been  calculated ;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximum  efficiency  of  '66  from  one  of  the  Clausthal 
engines,  making  four  strokes  per  minute,  and  '71 
making  three  strokes  per  minute.  These  results  were 
for  the  combined  engine  and  pumps,  from  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  *83,  and  in  the  second  '85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

CORN  MILLS  will  grind  about  a  bushel  of  corn  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

'  Vol.  ii.,  p.  342. 
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TABLE  I. — Coffficifnt*  of  DifcJiarge  from  Square  and  differently  proportioned 
Rectnnguliir  Luttrul  Orifices  in  thin  Vertical  Plates,  arranged  from  Poncelet  and 
Leibros. 


d 

Square  orifice 

Rectangular 

Rectangular 

§*  *•"• 

g 

8"  X  8". 

orifice  8"  x  4". 

orifice  8"  x  2". 

all* 

a     <a 

Ratio  of  the  sides 

Ratio  of  the  sides 

latio  of  the  sides 

£2  £-  o  o 

5-5 

A          0 

1  to  1. 

•i  to  1. 

4  to  1. 

u  *-  -i  '" 

5-5-§ 

a 

~ 

o 

_ 

o 

=  .a 

a 

P  o  -•? 

5      o 

o*> 

0         0 

o-f'B 

.2     ^ 

Jj| 

y 

•*  -  -J 
*ll 

u 

•*  C  d 

4  i| 

x     S 

r[      ta 
•^-B-C 

00    w    O 

W*  •  53 

7t        kc 

«      | 

|S1 

TJ         0 

Cj             £• 

~     -J 
I    5 

f*« 

«  I 

0       J3 

'S 

wj 

• 

~  3 

wj 

=;    ^ 

o-ooo 

•619 

•667 

•713 

0-197 

•025 

•597 

•630 

•668 

0-394 

•050 

•595 

•618 

•607 

•642 

0-591 

•075 

•594 

•593 

•615 

•612 

•639 

0-787 

•100 

•572 

•594 

•596 

•614 

•615 

•638 

1-181 

•150 

•578 

•593 

•600 

•613 

•620 

•637 

1-575 

•200 

•582 

•593* 

•603 

•612 

•623 

•636 

1-969 

•250 

•585 

•593 

•605 

•612* 

•(•,-2:> 

•636 

2-362 

•300 

•587 

•594 

•607 

•613 

•627 

•686 

2-756 

•350 

•588 

•594 

•609 

•613 

•628 

•635 

3-150 

•4(iO 

•589 

•594 

•610 

•613 

•629 

•635 

3-545 

•450 

•591 

•595 

•610 

•614 

•629 

•634 

S-987 

•500 

•592 

•595 

•611 

•614 

•630 

•634 

4724 

•600 

•593 

•596 

•612 

•614 

•630 

•633 

5-512 

•700 

•595 

•597 

•613 

•614 

•630 

•632 

6-299 

•800 

•596 

•597 

•614 

•615 

•631* 

•631 

7-087 

•900 

•597 

•598 

•615 

•615 

•630 

•631 

7-874 

1-000 

•598 

•599 

•615 

•615 

•630 

•630 

9-843 

1-250 

•599 

•600 

•616 

•616 

•630 

•630 

11-811 

1-500 

•600 

•601 

•616 

•616 

•629 

•629 

15748 

2-000 

•602 

•602 

•617 

•617 

19-688 

2-500 

•603 

•603 

•617* 

•617* 

•628 

•628 

3-000 

•604 

•604 

•617 

•617 

•627 

•627 

27-560 

3-500 

•604 

•604 

•616 

•616 

•627 

•627 

81-497 

4-000 

•605 

•605 

•616 

•616 

•627 

•627 

35-434 

4-500 

•605* 

•605* 

•615 

•615 

•624 

3!>'371 

5-000 

•605 

•605 

•615 

•615 

•626 

43-307 

5-500 

•604 

•604 

•614 

•614 

47-248 

6-000 

•604 

•604 

•614 

•614 

•624 

51-182 

6-500 

•603 

•603 

•613 

•613 

•622 

•622 

55-119 

7-000 

•603 

•603 

•612 

•612 

•62] 

59-056 

7-500 

•602 

•602 

•611 

•611 

•620 

8-000 

•602 

•602 

•611 

•till 

•618 

•618 

66*980 

8-500 

•602 

•602 

•610 

•610 

•617 

70-867 

9-000 

•601 

•601 

•609 

•609 

•616 

•616 

9-500 

•601 

•601 

•608 

•608 

•614 

•614 

78-742 

10-000 

•601 

•Mil 

•607 

•607 

•618 

•ill  ( 

118-112 

•601 

•601 

•606 

•606 

1  Sec  pages  00,  01,  and  02. 
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TABLE  I. — Coefficients  of   Discharge  from  Square    and   differently  proportioned 
Rectangular  lateral  Orifices  in  thin  yertical  Plates,  arranged  from  Poncelet  and 


Lesbros. 


Rectangular 

Rectangular 

Rectangular 

i  L.  g 

orifice  8"  x  1-18". 

orifice  8"x0'8". 

orifice  8"  x  0'4". 

3 

•  3 

latio  ot'the  sides 

iatio  of  the  sides 

Ratio  of  the  sides 

73          <D 

§sl| 

7  to  1  nearly  . 

lOtol. 

20  to  1. 

o  J3  ° 

o  o  'Co 

||    - 

a 
•§     § 

j!  _ 

a 
S    8 

gJS 

S       <o 

ill 

"^  ,d  o  3 

^  o  ,c  -^ 

c3  S  O 

rt  Q  g 

2    2 

*  a  o 

3    <S 

*/^  ^  ^ 

O  »rt  <4-t  "^ 

^Q  2* 

w  ~?  °S 

•Ja 

y.     *j'E 

.§£5 

M4"'2 

a9«M 

05  °  °  3 

*O     *»-•     *C 

73    "  O 

32 

T3 

.2      o 

^  5  cS  ^ 

^  ^   O 

a      8 

o  ^  ° 

2      A 

Q  -M     ° 

ci         © 

"§ 

(O     CO  r^ 

Bj 

pq    *3 

|J 

M    * 

B  J3 

B    - 

K 

B      S 

•766 

•783 

•795 

•725 

•750 

•705 

•778 

•025 

0-197 

•630 

•687 

•660 

•720 

•701 

•762 

•050 

0-394 

•632 

•674 

•660 

•707 

•697 

•745 

•075 

0-591 

•634 

•668 

•659 

•697 

•694 

•729 

•100 

0787 

•638 

•659 

•659 

•685 

•688 

•708 

•150 

1-181 

•640 

•654 

•658 

•678 

•683 

•695 

•200 

1-575 

•640* 

•651 

•658 

•672 

•679 

•686 

•250 

1-969 

•640 

•647 

•657 

•668 

•676 

•681 

•300 

2-362 

•639 

•645 

•656 

•665 

•673 

•677 

•350 

2-756 

•638 

•643 

•656 

•662 

•670 

•675 

•400 

3-150 

•637 

•641 

•655 

•659 

•668 

•672 

•450 

3-543 

•637 

•640 

•654 

•657 

•666 

•669 

•500 

3-937 

•636 

•637 

•653 

•655 

•663 

•665 

•600 

4-724 

•635 

•636 

•651 

•653 

•660 

•661 

•700 

5-512 

•634 

•635 

•650 

•651 

•658 

•659 

•800 

6-299 

•634 

•634 

•649 

•650 

•657 

•657 

•900 

7-087 

•633 

•633 

•648 

•649 

•655 

•656 

1-000 

7-874 

•632 

•632 

•646 

•646 

•653 

•653 

1-250 

9-843 

•632 

•632 

•644 

•644 

•650 

•651 

1-500 

11-811 

•631 

•631 

•642 

•642 

•647 

•647 

2-000 

15-748 

•630 

•630 

•640 

•640 

•644 

•645 

2-500 

19-685 

•630 

•630 

•638 

•638 

•642 

•643 

3-000 

23-622 

•629 

•629 

•637 

•637 

•640 

•640 

3-500 

27-560 

•629 

•629 

•636 

•636 

•637 

•637 

4-000 

31-497 

•628 

•628 

•634 

•634 

•635 

•635 

4-500 

35-434 

•628 

•628 

•633 

•633 

•632 

•632 

5-000 

39-371 

•627 

•627 

•631 

•631 

•629 

•629 

5-500 

43-307 

•626 

•626 

•628 

•628 

•626 

•626 

6-000 

47-245 

•624 

•624 

•625 

•625 

•622 

•622 

6-500 

51-182 

•622 

•622 

•622 

•622 

•618 

•618 

7-000 

55-119 

•620 

•620 

•619 

•619 

•615 

•615 

7-500 

59-056 

•618 

•618 

•617 

•617 

•613 

•613 

8-000 

62-993 

•616 

•616 

•615 

•615 

•612 

•612 

8-500 

66-930 

•615 

•615 

•614 

•614 

•612 

•612 

9-000 

70-867 

•613 

•613 

•612 

•612 

•611 

•611 

9-500 

74-805 

•612 

•612 

•612 

•612 

•611 

•611 

10-000 

78-742 

•60S 

•608 

•610 

•610 

•609 

•609 

15-000 

118-112 

*  See  pages  60,  61,  and  62. 
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TABLE 


II.—  For  finding  fj,e  Velocities  from  the  A'  the  Altitudei  from 

the  Velocities.  —  Altitudes  0  feet  0  y^j  inch  to  0  feet  3J  inches. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 

"S 

discharge  in  inches  per  second. 

c  ^ 

*!.$„ 

_f 

... 

0- 

<o 

0- 

•Co 

°  "~-  S   2 

"c    <;   ^ 

O  **^  Si? 

"0-5  3 

^^  ^ 

"o  •«  § 

ll 

!>  3! 

^  oo  3    H 

.  **  6  fe 

s  p  "a 
gfcj 

£  "~  "d 
ll  SB 

||| 

Pi 

•2  !!'= 
llf 

>  II  1 

^ 

rl     ||     0    •£ 

II  .a  "3 

ci   *J 

«  »  § 

•*•  »  o 

ui   s>   ° 

«5   C(§ 

0        Ojlg 

278 

271 

2-66 

2-39 

2-27 

2-22 

0     0& 

3-48 

3-38 

3-32 

2-99 

2-83 

278 

0     Or'5 

6-95 

677 

6-64 

5-98 

5-66 

5-56 

o   oi 

9-829 

9-57 

9-40 

8-45 

8-01 

7-86 

0    0Tsg 

12-038 

11-72 

11-51 

10-35 

9-81 

9-63 

0     Oi 

13-900 

13-54 

13-29 

11-95 

11-33 

11-12 

0    OA 

15-541 

15-14 

14-86 

13-36 

12-67 

12-43 

0     Of 

17-024 

16-58 

16-27 

14-64 

13-87 

13-62 

0     0& 

18-388 

17-91 

17-58 

15-81 

14-99 

14-71 

o    04 

19-658 

19-15 

18-79 

16-91 

16-02 

1573 

0     OA 

20-850 

20-31 

19-93 

17-93 

16-99 

16-68 

0     Of 

21-978 

21-41 

21-01 

18-90 

17-91 

17-58 

0    0^ 

23-051 

22-45 

22-04 

19-82 

18-79 

18-44 

0     Of 

24-076 

23-45 

23-02 

20-70 

19-62 

19-26 

o    013 

25-059 

24-41 

24-00 

21-55 

20-42 

20-05 

0    Og 

26-005 

25-33 

24-86 

22-36 

21-19 

20-80 

o    oi§ 

26-917 

26-22 

2573 

23-15 

21-94 

21-53 

0     1 

27-800 

27-08 

26-58 

23-91 

22-66 

^•24 

29-486 

2872 

28-19 

25-36 

24-03 

23-59 

31-081 

30-27 

2971 

2673 

25-33 

24-87 

32-598 

3175 

31-16 

28-03 

26-57 

26-08 

0     li 

34-048 

3319 

32-58 

29-30 

27-26 

0     1| 

35-438 

34-52 

33-88 

30-48 

28-88 

28-35 

0     If 

36-776 

35-82 

35-16 

31-63 

29-97 

29-42 

0     li 

38-067 

87-08 

36-39 

32-74 

31-02 

30-45 

0     2 

39-315 

38-29 

37-59 

33-81 

32-04 

31-45 

0     2k 

40-525 

39-47 

3874 

34-85 

33-03 

0     2k 

41700 

40-62 

39-87 

35-86 

33-99 

33-36 

0     2| 

42-843 

41-73 

40-96 

36-84 

34-92 

34-27 

u     -ji 

43-956 

42-81 

42-02 

37-80 

35-82 

35-16 

0     2s 

45*041 

43-87 

43-06 

38-74 

36-71 

36-03 

<i     '2:,' 

46-101 

44-90 

44-07 

39-65 

37-57 

36-88 

0     2J 

47-137 

45-90 

45-06 

40-54 

38-42 

37-71 

it     :>, 

18151 

46-90 

44*08 

41-41 

39-24 

38-52 

0     3j 

49-144 

47-87 

46-98 

42-26 

40-05 

39-32 

0     3| 

50-117 

48-81 

47-91 

43-10 

40-85 

40-09 

(i     :;;; 

r.i  -07-2 

40-74 

48-82 

43*92 

41-62 

40-86 

0     3i 

52-009 

50-66 

4972 

44-73 

42-39 

41-61 

0     3j 

52-930 

50-60 

48-14 

0     3| 

53-834 

51-47 

46-30 

43-88 

43-07 

0     3J 

53-30 

52*82 

47-06 

44-60 

43-78 
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TABLE  II.— For  finding  the  Velocities  from  the  Altitudes,  and  the  Altitudes  from  the 
Velocities. — Altitudes  0  feet  Oyig  inch  to  0  feet  3f  inches. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 

discharge  in  inches  per  second. 

"3-  I 

o-Ss  1 

"o"^  S 

•s-as 

%si 

•3~| 

5 

al 

03    ^    * 

3  to  -w 

3  S  •*» 

o  o  -^ 

s  sS 

o  t;  +3 

S  *°  ^ 

SI 

s  •*  a 

3   S    g 

3   •£    fl 

s  S  a 

2,     <»     3 

3  §    fl 

•a  a  •§ 

jj    rH     0 

jgS-e 

ii  *§ 

•—i      •        O 

"3  ^  .2 

f>    i-H      O 

^•3     P"        ® 

il  1 

|ra   10  •£< 
II    ^ 

1 

*-     8    (§ 

00     B   g 

°*  &  o 

o   ^   o 

3  &  6 

ci   o   o 
p*      O 

i 

1-95 

1-85 

1-75 

1-72 

1-68 

1-62 

/  « 

0    OjL 

2-43 

2-31 

2-18 

2-15 

2-11 

2-03 

0     Oi 

4-87 

4-63 

4-36 

4-29 

4-21 

4-06 

0     Oi 

6-88 

6-55 

6-17 

6-06 

5-96 

5-74 

o   o* 

8-43 

8-02 

7!56 

7-43 

7-29 

7-03 

0     °re 

9-73 

9-26 

873 

8-58 

8-42 

8-12 

o   oi 

10-88 

10-35 

9-76 

9-59 

9-42 

9-08 

0     Ore 

11-92 

11-24 

10-69 

10-50 

10-32 

9-94 

0     Of 

12-87 

12-25 

11-55 

11-35 

1114 

1074 

0      0/g 

1376 

12-97 

12-34 

12-13 

11-91 

11-48 

o   o| 

14-60 

13-89 

13-09 

12-86 

12-64 

12-18 

0     OA 

15-38 

14-64 

13-80 

13-56 

13-32 

12-84 

0     Oft 

16-14 

15-35 

14-48 

14-22 

13-97 

13-46 

16-85 

16-03 

15-12 

14-85 

14-59 

14-06 

0     Of 

17-54 

16-69 

1574 

15-46 

15-19 

14-63 
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TABLE  II. — Forfinding  the  Velocities  from  the  Altitudes,  and  the  Altitudes  from  the 
Velocities— Altitudes  1  foot  Oi  inch  to  5  feet  3  inches. 
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133-51 

125-89 
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128-30 

123-64 

4  10 
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TABLE  II.— For  finding  the  Velocities  from  the  Altituden,  and  the  Altitude*  f,- 
Velocities. — Altitudes  5  feet  0  inches  to  17  feet. 


Ititudes  h  in  feet 
and  inches. 

Coefficients  of  velocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 
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265-30 

260-40 
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241-46 

228-82 
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284-865 
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235-46 

231-1-2 
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292-897 
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251-89 

238-71 
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296-823 

289-11 

283-76 

255-27 

241-91 
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300-703 

292-88 

287-47 

258-60 

•245-07 

10     0 

304-534 

296-62 

291-13 

261-90 

248-19 

243-63 

10     3 

308-317 

300-30 

294-76 

265-15 
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245-65 

10     6 

312-054 

303-94 

297*82 

268-87 

254-82 

249-64 

10     9 

315-747 

807-64 

301-85 

271-54 

257-33 

11     0 
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305-34 

274-68 

260-31 

11     3 

323-007 

314-61 

808-79 
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262-25 

11     6 

326-57<i 
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11     9 

330-107 
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315-58 
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264-09 
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333-600 

324-93 

818-92 
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271-88 
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337-057 
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322-23 

289-87 
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12     6 

340-479 
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825-50 
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277-49 
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295-78 
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338-19 
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807-10 
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360-329 
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309-88 
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357-17 
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872-976 
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303-31 
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875-19 
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818-94 
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391-181 

381-01 

878-97 

318-81 

812-94 

17     0 

897-068 

886-74 

879-60 

841-47 

828-6] 

817-65 
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TABLE  II.— For  finding  the  Velocities  from  the  Altitudes,  and  the  Altitudes  from  the 
Velocities. — Altitudes  5  feet  6  inches  to  17  feet. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 
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221-02 
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184-40 
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223-58 

212-72 
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197-07 

193-55 
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11     0 
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215-12 

202-85 

199-30 

195-74 
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11     3 

228-60 

217-50 

205-09 

201-50 

197-91 
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11     6 
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212-17 
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220-14 
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247-69 
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210-43 

14     0 

256-70 
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230-29 

226-26 

222-22 

214-16 

14    6 

261-08 

248-40 

234-23 

230-13 

226-02 

217-82 

15    0 

265'40 

252-51 

238-10 

233-93 

229-76 

221-42 

15     6 

269-65 

256-55 

241-91 

237-67 

233-44 

224-96 

16     0 

273-83 

260-53 

245-66 

241-36 

237-06 

228-45 

16     6 

277-94 

264-44 

249-36 

244-99 

240-62 

231-89 

17     0 
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THE  DISCHARGE  OF  WATER  FROM 

. — For  finding  the  Velocities  from  the  Altitude!,  and  the  Altitudes  from  t!ie 
Velocities. — Altitudes  17  feet  b  inches  to  40  feet. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 
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discharge  in  inches  per  second. 
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385-13 

346-46 
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18     0 

408-575 

397-95 

390-60 

351-37 

332-99 
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18     6 

414-211 

403-44 

395-99 

356-22 

337-58 

331-37 

19     0 

419-772 

408-86 

401-30 

361-00 

342-11 

335-82 

19     6 

425-258 

414-20 

406-55 

36572 

346-59 

840-23 

20     0 

430-676 

419-48 

411-73 

370-38 

351-00 

344-54 

20     6 

436-026 

424-69 

416-84 

374-98 

355-36 

21     0 

441-311 

429-84 

421-89 

379-53 

359-59 

353-05 

21     6 

446-534 

434-92 

426-89 

384-02 

363-93 

22     0 

451-697 

439-95 

431-82 

388-46 

368-13 

361-36 

22     6 

456-801 

444-92 

436-70 

392-85 

372  "29 

365-44 

23    0 

461-848 

449-84 

441-53 

397-19 

376-41 

369-48 

23    6 

466-841 

45070 

446-30 

401-48 

380-48 

373-47 

24     0 

471-782 

459-52 

451  -02 

40573 

384-50 

377-43 

24     6 

476-671 

464-28 

455-70 

409-94 

388-49 

381-34 

25     0 

481-510 

468-99 

460-32 

414-10 

392-43 

25     6 

486-301 

473-66 

464-90 

418-22 

396-34 

389-04 

26     0 

491-046 
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400-20 
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407-83 
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491-88 
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411-58 
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509-582 
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438-24 

415-31 
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491-49 

442-14 

419-00 

411-29 

29    0 
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505-12 
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523-054 
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500-04 
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593-646 

578-21 

567-58 

510-54 

483-82 

474-92 

39     0 

601-406 

58577 

574-94 

517-21 

190-15 

481-12 

40     0 

109*067 

682-27 

523-80 

496-39      4S7-2:. 
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TABLE  II. — For finding  the  Velocities  from  the  Altitudes,  and  the  Altitudes  from  the 
Velocities. — Altitudes  17  feet  6  inches  to  40  feet. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 

discharge  in  inches  per  second. 
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TABLE  III. — Square  Roottfor  finding  the  effecti  of  the  Telocity  of  Approach  when 
the  Orifice  w  small  in  proportion  to  the  Head,  Also  far  finding  the  Increate  in  the 
Ditcharge from  an  Increase  of  Sead.  (See  pp.  91  to  99). 
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1-2349 

2-025 

1-4230 

1-006 

1-0030 

1-14 

1-0677 

1-54 

1-2410 

2-04 

1-4283 

1-008 

1-0040 

1-145 

1-0700 

1-55 

1-2450 

2-05 

1-4318 

1-009 

1-0044 

1-15 

1-0723 

1-56 

1-2490 

2-06 

1-4353 

1-010 

1-0050 

1-155 

1-0747 

1-575 

1-2550 

2-075 

1  -4405 

1-011 

1-0055 

1-16 

1-0770 

1-58 

1-2570 

2-09 

1-4457 

1-012 

1-0060 

1-165 

1-0794 

1-59 

1-2610 

2-10 

1-4491 

1-014 

1-0070 

1-17 

1-0817 

1-6 

1-2649 

2-11 

1-4526 

1-015 

1-0075 

1-175 

1-0840 

1-61 

1  "2689 

2-125 

1-4577 

1-016 

1-0080 

1-18 

1-0863 

1-625 

1-2748 

2-14 

1  -4629 

1-018 

1-0090 

1-185 

1-0886 

1-64 

1-2806 

2-15 

1  -4663 

1-019 

1-0095 

1-19 

1-0909 

1-65 

1  -2845 

2-16 

1-4697 

1-020 

1-0100 

1-195 

1-0932 

1-66 

1-2884 

2-175 

1-4748 

1  -0225 

1-0112 

1-2 

1-0954 

1-675 

2-19 

1  -4799 

1-025 

1-0124 

1-21 

1-1000 

1-69 

1-3000 

2-2 

1-4832 

1-0275 

1-0137 

1  "2-2 

1-1045 

17 

1  -3038 

'2-21 

1-4866 

1-03 

1-0149 

1-23 

1-1091 

171 

1-3077 

2-225 

1-4916 

1  -0325 

1-0161 

1-24 

1-1136 

1-725 

1-3134 

2-24 

1-4967 

1-035 

1-0174 

1-25 

1-1180 

174 

J-3191 

2-25 

1-5000 

1-0375 

1-0186 

1-26 

1-1225 

1-75 

1  -3229 

,  2-26 

1-5033 

1-04 

1-0198 

1-27 

1-1269 

1-76 

1-3267 

-2-275 

1-5083 

1-0425 

1-0210 

1-28 

1-1314 

1-775 

1-3323 

2-29 

1-5133 

1-045 

1-0223 

1-29 

1-1358 

1-79 

1-3379 

2-3 

1-5166 

1-0475 

1-0235 

1-30 

1-1402 

1-80 

1-3416 

2-31 

1-5199 

1-05 

1-0247 

1-31 

1-1446 

1-81 

1-3454 

2-325 

1-5248 

1-055 

1-0271 

1  -3-25 

1-1511 

1-825 

1  -3509 

2-34 

1-06 

1-0296 

1-34 

1-1576 

1-84 

1-3565 

2-35 

1  -5330 

1-065 

1-0320 

1-35 

1-1619 

1-85 

2.36 

1  -5362 

1-07 

1-0344 

1-36 

1-1662 

1-86 

1  -3638 

2-375 

1-6411 

1-075 

1-0368 

1-375 

1-1726 

1-875 

1-3693 

2-39 

1-08 

1-0392 

1-39 

1-1790 

1-89 

1-3748 

2-4 

1-085 

1-0416 

1-40 

1-1832 

1-9 

1-3784 

•2-41 

1-09 

1-0440 

1-41 

1-1874 

1-M 

1  -5572 

1-095 

1  -0464 

1-425 

1-1937 

1  •!>-2'. 

1-3875 

•2-44 

ri 

1-0488 

1-44 

1-2000 

1-94 

1  -3928 

1-105 

1-0512 

1-45 

1-2042 

1-95 

1-3964 

2-46 

1-110 

1-0536 

1-46 

1  -2083 

1-96 

1-4000 

•2-S7.r. 
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TABLE  III.— Square  Roots  for  finding  the  effects  of  the  Velocity  of  Approach  when 
the  Orifice  is  small  in  proportion  to  the  Head.  Also  for  finding  the  increase  in  the 
Discharge  from  an  increase  of  Head.  (See  pp.  91  to  99.) 


No. 

Square 
root. 

No. 

Square 
root. 

No. 

Square 
root. 

No. 

Square 
root. 

2-49 

1-5780 

3-0000 

1-7321 

4-5 

2-1213 

26 

5-0990 

2-5 

1-5811 

3-025 

1-7393 

5-0 

2-2361 

27 

51962 

2-51 

1-5843 

3-05 

17464 

5-5 

2-3452 

28 

5-2915 

2-525 

1-5890 

3-075 

1-7536 

6-0 

2-4495 

29 

5-3852 

2-54 

1-5937 

3-1 

1-7607 

6-5 

2-5495 

30 

5-4772 

2-55 

1-5969 

3-125 

1-7678 

7-0 

2-6458 

31 

5-5678 

2-56 

1-6000 

3-15 

1-7748 

7-5 

2-7386 

32 

5-6569 

2-575 

1-6047 

3-175 

1-7819 

8-0 

2-8284 

33 

5-7446 

2-59 

1-6093 

3-2 

1-7889 

8-5 

2-9155 

34 

5-8310 

2-6 

1-6125 

3-225 

1-7958 

9-0 

3-0000 

35 

5-9161 

2-61 

1-6155 

3-25 

1-8028 

9-5 

3-0822 

36 

6-0000 

2-625 

1-6202 

3-275 

1-8097 

10-0 

3-1623 

37 

6-0828 

2-64 

1-6248 

3-3 

1-8166 

10-5 

2-2404 

38 

6-1644 

2-65 

1-6279 

3-325 

1-8235 

11-0 

3-3166 

39 

6-2450 

2-66 

1-6310 

3-35 

1-8303 

11-5 

3-3912 

40 

6-3246 

2-675 

1-6355 

3-375 

1-8371 

12-0 

3-4641 

41 

6-4031 

2-69 

1-6401 

3-4 

1-8439 

12-5 

3-5355 

42 

6-4807 

2-7 

1-6432 

3-425 

1-8507 

13-0 

3-6056 

43 

6-5574 

2-71 

1-6462 

3-45 

1-8574 

13-5 

3-6742 

44 

6-6332 

2-725 

1-6508 

3-475 

1-8641 

14-0 

3-7417 

45 

6-7082 

2-74 

1-6553 

3-5 

1-8708 

14-5 

3-8079 

46 

6-7823 

2-75 

1-6583 

3-525 

1-8775 

15-0 

3-8730 

47 

6-8557 

2-76 

1-6613 

3-55 

1-8841 

15-5 

3-9370 

48 

6-9282 

2-775 

1-6658 

3-575 

1-8908 

16-0 

4-0000 

49 

7-0000 

2-79 

1-6703 

3-6 

1-8974 

16-5 

4-0620 

50 

7-0711 

2-8 

1-6733 

3-625 

1-9039 

17-0 

4-1231 

51 

7-1414 

2-81 

1-6763 

3-65 

1-9105 

17-5 

4-1833 

52 

7-2111 

2-825 

1-6808 

3-675 

1-9170 

18-0 

4-2426 

53 

7-2810 

2-84 

1-6852 

37 

1-9235 

18-5 

4-3012 

54 

7-3485 

2-85 

1-6882 

3725 

1-9300 

19-0 

4-3589 

55 

7-4162 

2-86 

1-6912 

375 

1-9365 

19-5 

4-4159 

56 

7-4833 

2-875 

1-6956 

3775 

1-9429 

20-0 

4-4721 

57 

7-5498 

2-89 

1-7000 

3-8 

1-9494 

20-5 

4-5277 

58 

7-6158 

2-9 

1-7029 

3-825 

1-9558 

21-0 

4-5826 

59 

7-6811 

2-91 

1-7059 

3-85 

1-9621 

21-5 

4-6368 

60 

77460 

2-925 

1-7103 

3-875 

1-9685 

22-0 

4-6904 

61 

7-8102 

2-94 

1-7146 

3-9 

1-9748 

22-5 

47434 

62 

7-8740 

2-95 

1-7176 

3-925 

1-9812 

23-0 

4-7958 

63 

7-9373 

2-96 

1-7205 

3-95 

1-9875 

23-5 

4-8477 

64 

8-0000 

2-975 

17248 

3-975 

1-9938 

24-0 

4-8990 

65 

8-0623 

2-99 

1-7292 

4-0 

2-0000 

25-0 

5-0000 

66 

81240 
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TABLE  IV.— For  finding  the  Discharge  through  Rectangular  Orifices;  in  vhi>'> 
n  =  •£  Also  for  finding  the  effects  of  the  Velocity  of  Approach  to  Weirs,  and  tl. 
Depression  on  the  Oregt.  (See  pp.  91  to  99.) 


1+n. 

a. 

(l  +  »)*. 

!+»)*—  **• 

1  +n. 

.«. 

(l+n)'- 

1  +n)*"—  ><•. 

i-ooo 

•oooo 

1-0000 

1-0000 

1-115 

•0390 

1-1774 

1-1384 

1-001 

•0000 

1-0015 

1-0015 

1-120 

•0416 

1-1853 

1-1437 

1-002 

•0001 

1-0030 

1-0029 

1-125 

•0442 

1-1932 

1-1491 

1-004 

•0003 

1-0060 

1-0058 

1-13 

•0469 

1-2012 

1-164 

1-005 

•0004 

1-0075 

1-0072 

1-135 

•0496 

1-2092 

1-1596 

1-006 

•0005 

1-0090 

1-0086 

1-14 

•0524 

1-2172 

1-16 

1-008 

•0007 

1-0120 

1-0113 

1-145 

•0552 

1-2251 

1-17 

1-009 

•0009 

1-0135 

1-0127 

1-15 

•0581 

1  -2332 

1-1751 

1-010 

•0010 

1-0150 

1-0140 

1-155 

•0610 

1-2418 

1-1803 

1-011 

•0012 

1-0165 

1-0154 

1-16 

•0640 

1  -24'.'  I 

1-181 

1-012 

•0013 

1-0181 

1-0167 

1-165 

•0670 

1-2574 

1-1904 

1-014 

•0017 

1-0211 

1-0194 

1-17 

•0701 

1-2655 

1-015 

•0018 

1-0226 

1-0207 

1-175 

•0782 

1  -27:'.7 

1-J 

1-016 

•0020 

1-0241 

1-0221 

1-18 

•0764 

1-2818 

1  "2054 

1-018 

•0024 

1-0271 

1-0247 

1-185 

•0796 

1-29.00 

1-2104 

1-019 

•0026 

1-0286 

1-0260 

1-19 

•0828 

1-2981 

1-2153 

1-020 

•0028 

1-0301 

1-0273 

1-195 

•0861 

1-3063 

1  -2202 

1-0225 

•0034 

1-0339 

1-0306 

1-2 

•0894 

1-3145 

1  -22 

1-025 

•0040 

1-0377 

1-0338 

1-21 

•0962 

1-3310 

1  -2348 

1-0275 

•0046 

1-0415 

1-0370 

1-22 

•1032 

1-3475 

1-2443 

1-03 

•0052 

1-0468 

1-0401 

1-23 

•1103 

1-3641 

538 

1-0325 

•0059 

1-0491 

1-0433 

1-24 

•1176 

1-3808 

1-2632 

1-035 

•0065 

1-0530 

1-0464 

1-25 

•1250 

1-3975 

1  -0375 

•0073 

1-0568 

1-0495 

1-26 

•1826 

1-4143 

-S18 

1-04 

•0080 

1-0606 

1-0526 

1-27 

•1403 

1-4812 

1  "2: 

1-04-25 

•0088 

1-0644 

1-0667 

1-28 

•14S2 

1-4482 

1-31 

1-045 

•0095 

1-0683 

1-0587 

1-29 

•1562 

1-4652 

I'M' 

1-0475 

•0104 

1-0721 

1-0617 

1-30 

•1643 

1-4822 

1-8] 

1-05 

•0112 

1-0759 

1-0648 

1-31 

•1726 

1-82 

1-055 

•0129 

1-0836 

1-0707 

1-325 

•1853 

1-6262 

1-83 

1-06 

•0147 

1-0913 

1-0766 

1-34 

•1983 

1-6812 

1  -8629 

1-065 

•0166 

1-0991 

1-0825 

1-35 

•2071 

1-5686 

I-:'.'' 

1-07 

•0185 

1  '1068 

1-0883 

1-36 

•2160 

1  -5860 

1-87 

1-075 

•0205 

1-1146 

1-0940 

1-375 

•2296 

1-6123 

1-3827 

1-08 

•0226 

1-1224 

1-0997 

1-39 

•2486 

1-6388 

1-89 

1-085 

•0248 

1-1302 

1-1054 

1-40 

1  -6565 

1-40 

1-09 

•0270 

1-1380 

1-1110 

1-41 

•2626 

1-6748 

1-4118 

1-095 

•0293 

1-1458 

1-1166 

i  •  i-25 

•2771 

1-7H11 

1-42-10 

1-1 

•0316 

1-1537 

1-1221 

1-44 

•2919 

1-7280 

1-4361 

1-105 

•0340 

1-1616 

1-1275 

1-45 

•3019 

1-444-2 

1-110 

•0365 

1-1695 

1-1330 

1-46 

•3120 

1-45-21 

Values  of  n  from  0  to  -46. 
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TABLE  IV. — For  finding  the  Discharge  through  Rectangular  Orifices ;  in  which 
n  =  -j.  Also  for  finding  the  effects  of  the  Velocity  of  Approach  to  Weirs,  ice. 
(See  pp.  91  to  99.) 


1+H. 

»". 

(1+  n)'. 

(1  +«)*-»* 

l  +  H. 

»*. 

(l+n)1. 

(l  +„)!_„* 

1-475 

•3274 

17914 

1-4640 

i  1-975 

•9627 

2-7756 

1-8128 

1-49 

•3430 

1-8188 

1-4758 

1-99 

•9850 

2-8072 

1-8222 

1-5 

•3536 

1-8371 

1-4836 

2- 

1  -0000 

2-8284 

1-8284 

1-51 

•3642 

1-8555 

1-4913 

2-01 

1-0150 

2-8497 

1-8346 

1-525 

•3804 

1-8832 

1  -5028 

2-025 

1-0377 

2-8816 

1-8439 

1-54 

•3968 

1-9111 

1-5143 

2-04 

1-0606 

2-9137 

1-8531 

1-55 

•4079 

1-9297 

1-5218 

2-05 

1-0759 

2-9352 

1-8592 

1-56 

•4191 

1-9484 

1-5294 

2-06 

1-0913 

2-9567 

1-8653 

1-575 

•4360 

1-9766 

1-5406 

2-075 

1-1146 

2-9890 

1  -8744 

1-58 

•4417 

1  -9860 

1-5443 

2-09 

1-1380 

3-0215 

1-8835 

1-59 

•4532 

2-0049 

1-5517 

2-10 

1-1537 

3-0432 

1-8895 

1-6 

•4648 

2-0239 

1-5591 

2-11 

1-1695 

3-0650 

1-8955 

1-61 

•4764 

2-0429 

1  -5664 

2-125 

1-1932 

3-0977 

1-9045 

1-625 

•4941 

2-0715 

1-5774 

2-14 

1-2172 

3-1306 

1-9134 

1-64 

•5120 

2-1002 

1-5882 

2-15 

1-2332 

31525 

1-9193 

1-65 

•5240 

2-1195 

1-5954 

2-16 

1-2494 

31745 

1-9252 

1-66 

•5362 

2-1388 

1-6026 

2-175 

1-2737 

3-2077 

1-9340 

1-675 

•5546 

2-1678 

1-6132 

2-19 

1-2981 

3-2409 

1-9428 

1-69 

•5732 

2-1970 

1  -6238 

2-2 

1-3145 

3-2631 

1-9486 

17 

•5857 

2-2165 

1  -6309 

2-21 

1-3310 

3-2854 

1-9544 

1-71 

•5983 

2-2361 

1  -6379 

2-225 

1-3558 

3-3189 

1-9631 

1-725 

•6173 

2-2656 

1-6483 

2-24 

1-3808 

3-3525 

1-9717 

1-74 

•6366 

2-2952 

1-6586 

2-25    11-3975 

3-3750 

1-9775 

1-75 

•6495 

2-3150 

1-6655 

2-26 

1-4143 

3-3975 

1-9832 

1-76 

•6626 

2-3349 

1-6724 

2-275 

1-4397 

3-4314 

1-9917 

1-775 

•6823 

2-3648 

1-6826 

2-29 

1-4652 

3-4654 

2-0002 

1-79 

•7022 

2-3949 

1  -6927 

2-3 

1-4822 

3-4881 

2-0059 

1-80 

•7155 

2-4150 

1-6994 

2-31 

1-4994 

3-5109 

2-0115 

1-81 

•7290 

2-4351 

1-7061 

2-325 

1-5252 

3-5451 

2-0200 

1-825 

•7493 

2-4654 

1-7161 

2-34 

1-5512 

3-5795 

2-0284 

1-84 

•7699 

2-4959 

1  -7260 

2-35 

1-5686 

3-6025 

2-0339 

1-85 

•7837 

2-5163 

1-7326 

2-36 

1-5860 

3-6255 

2-0395 

1»86 

•7975 

2-5367 

1-7392 

2-375 

1-6123 

3-6601 

2-0478 

1-875 

•8185 

2-5674 

17490 

2-39 

1-6388 

3-6948 

2-0561 

1-89 

•8396 

2-5983 

1-7587 

2-4 

1-6565 

3-7181 

2-0616 

1-9 

•8538 

2-6190 

1-7652 

2-41 

1-6743 

37413 

2-0670 

1-91 

•8681 

2-6397 

1-7716 

2-425 

1-7011 

3-7763 

2-0752 

1-925 

•8896 

2-6709 

1-7813 

2-44 

1-7280 

3-8114 

2-0834 

1-94 

•9114 

27021 

1-7907 

2-45 

1-7460 

3-8349 

2-0888 

1-95 

•9259 

27230 

1-7971 

2-46 

17641 

3-8584 

2-0942 

1-96 

•9406 

2-7440 

1-8034 

2-475 

1-7914 

3-8937 

2-1023 

Values  of  »  from  "475  to  1  "475 
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TABLE  IV. — For  finding  the  IHscharge  through  Rectangular  Orifices;  in  which 
n  =  -j.  Alto  for  finding  the  effects  of  the  Velocity  of  Approach  to  Weirt,  SfC. 
(See  pp.  91  to  99.) 


1    +   il. 

•!. 

(\+,,y. 

i  +„)-?_„! 

i  +  «. 

J. 

'i  +  »)'". 

]+«)'—  jA 

2-49 

1-8188 

3-9292 

2-1104 

3- 

2-8284 

5-1962 

2-3677 

2-5 

1-8371 

3-9528 

2-1157 

3-025 

2-8816 

5-2612 

2-3796 

•_'•:.! 

1-8555 

3-9766 

2-1211 

3-05 

2-9352 

5-3626 

2-3914 

1-8832 

4-0123 

2-1291 

3-075 

2-9890 

5-3922 

2-4032 

2-54 

1-9111 

4-0481 

2-1370 

3-1 

3-0432 

5-4581 

2-4149 

2-55 

1-9297 

4-0720 

2-1423 

3-125 

3-0977 

5-5243 

2-4266 

2-56 

1-9484 

4-0960 

2-1476 

3-15 

3-1525 

5-5907 

2-4382 

2-575 

1-9766 

4-1321 

21554 

3-175 

3-2077 

5-6574 

2-4497 

2-59 

2-0049 

4-1682 

2-1633 

3-2 

3-2631 

57243 

2-4612 

•2-6 

2-0239 

4-1924 

2-1685 

3-225 

3-3189 

57915 

2-4726 

•2'61 

2-0429 

4-2166 

2-1737 

3-25 

3-3750 

5-8590 

2-4840 

2-625 

2-0715 

4-2530 

2-1815 

3-275 

3-4314 

5-9268 

2-4953 

•2-64 

2-1002 

4-2895 

2-1893 

3-3 

3-4881 

5-9947 

2-5066 

•2-65 

2-1195 

4-3139 

2-1944 

3-325 

3-5451 

6  -0630 

2-5179 

2-66 

21388 

4-3383 

2-1996 

3-35 

3-6025 

6-1315 

2-5290 

2-675 

2-1678 

4-3751 

2-2073 

3375 

3-6601 

6-2003 

2-5401 

2-69 

2-1970 

4-4119 

2-2149 

3-4 

37181 

6-2693 

2-5512 

2-7 

2-2165 

4-4366 

2-2200 

3-425 

37763 

6-3386 

2-71 

2-2361 

4-4612 

2-2251 

3-45 

3-8349 

6-4081 

2-5732 

2-725 

2-2656 

4-4983 

2-2327 

3-475 

3-8937 

6-4779 

2-5842 

2-74 

2-2952 

4-5355 

2-2403 

3-5 

:5-9528 

6-5479 

2-5961 

2-7;-. 

2-3150 

4-5604 

2-2453 

3-525 

4-0123 

6-6182 

2-6059 

276 

2-3349 

4-5853 

2-2504 

3-55 

4-0720 

6-6887 

2-6167 

2-775 

2-3648 

4-6227 

2-2579 

3-575 

4-1321 

6-7595 

2-6274 

•2-7!) 

2-3949 

4-6602 

2-2654 

3-6 

4-1924 

6-8305 

2-6381 

•2-H:.ii 

4-6853 

2-2703 

3-625 

4-2530 

6-9018 

2-6488 

2-81 

2-4351 

4-7104 

2-2753 

3-65 

4-3139 

6-9733 

2-6594 

2-826 

2-4654 

4-7482 

2-2827 

3-675 

4-3751 

7-0451 

2-6700 

'2-84 

2-4959 

4-7861 

2-2902 

37 

4-4366 

7-1171 

2-6805 

2-85     2-:>l<;:5 

4-8114 

2-2951 

3-725 

4-4983 

7-1893 

2-6910 

•2-86 

2-5367 

4-8367 

2-3000 

3-75 

4-5604 

7-2618 

27016 

2-5674 

4-8748 

2-3074 

3775 

4-6227 

2-7119 

2-89 

2-5983 

4-9130 

2-3147 

3-8 

4-6853 

7-4076 

27228 

2-9 

2-6190 

4-9385 

2-3196 

3-825 

4-7482 

7-4808 

27826 

2-1)1 

2-6397 

4-9641 

2-3244 

3-85 

4-8114 

7-5542 

2-7429 

2-925 

2-6708 

5-0025 

2-3317 

3-875 

4-8748 

7-6279 

•2-.)  4 

2'7<)2I 

5-0411 

2-3389 

3-9 

4-9385 

77019 

27684 

2-95 

2-7230 

r>-ot;t;s 

2-3438 

3-925 

5-0025 

77761 

2-96 

2-7440 

5-0926 

2-3486 

3-95 

5-0668 

7-8505 

27837 

2-976 

2-77r,<; 

5-1313 

2-3558 

3-975 

5-1313 

7-9251 

27838 

2-8072 

5-1702 

2-8689 

4- 

5-1962 

8- 

2-8038 

of  n  from  1  '40  to  3. 


[Continued  on  next  page. 


ORIFICES,    WEI11S,   PIPES,   AND  RIVERS.  453 

. — For  folding  the  Discharge  through  Rectangular  Orifices;    in  which 
it 
n  —  -j.     Also  for  folding  the  effects  of  the  Velocity  of  Approach  to   Weirs,  fyc. 

(See  pp.  91  to  99.) 


1+H. 

3. 

(1  +  n)?' 

(!+»)*-  A 

l+n. 

.i. 

(1  +  «)*. 

(l+n)'*-aV 

4-5 

6-5479 

9-5459 

2-9980 

26- 

125-0000 

132-5745 

7-5745 

5-0 

8-0000 

11-1803 

3-1803 

27- 

132-5745 

140-2961 

77216 

5-5 

9-5459 

12-8986 

3-3527 

28- 

140-2961 

148-1621 

7-8660 

6-0 

11-1803 

14-6969 

3-5166 

29- 

148-1621 

156-1698 

8-0077 

6-6 

12-8986 

16-5718 

3-6732 

30- 

156-1698 

164-3168 

8-1470 

7-0 

14-6969 

18-5203 

3-8234 

31- 

164-3168 

172-6007 

8-2839 

7-5 

16-5718 

20-5396 

3-9678 

32- 

172-6007 

181-0193 

8-4186 

8-0 

18-5203 

22-6274 

4-1071 

33- 

181-0193 

189-5706 

8-5513 

8-5 

20-5396 

24-7815 

4-2419 

34- 

189-5706 

198-2524 

8-6818 

9-0 

22-6274 

27-0000 

4-3726 

35- 

198-2524 

207-0628 

8-8104 

9-5 

24-7815 

29-2810 

4-4995 

36- 

207-0628 

216-0000 

8-9372 

10-0 

27-0000 

31-6228 

4-6228 

37' 

216-0000 

225-0622 

9-0622 

10-5 

29-2810 

34-0239 

4-7429 

38- 

225-0622 

234-2477 

9-1855 

11-0 

31-6228 

36-4829 

4-8601 

39" 

234-2477 

243-5549 

9-3072 

11-5 

34-0239 

38-9984 

4-9745 

40- 

243-5549 

252-9822 

9-4273 

12-0 

36-4829 

41-5692 

5-0863 

41- 

252-9822 

262-5281 

9-5459 

12-5 

38-9984 

44-1942 

5-1958 

42- 

262-5281 

272-1911 

9-6630 

13-0 

41-5692 

46-8722 

5-3030 

43- 

272-1911 

281-9699 

9-7788 

13-5 

44-1942 

49-6022 

5-4080 

44- 

281-9699 

291-8630 

9-8931 

14-0 

46-8722 

52-3832 

5-5110 

45- 

291-8630 

301-8692 

10-0062 

14-5 

49-6022 

55-2144 

5-6122 

46- 

301-8692 

311-9872 

10-1180 

15-0 

52-3832 

58-0947 

5-7115 

47' 

311-9872 

322-2158 

10-2286 

15-5 

55-2144 

61-0236 

5-8092 

48- 

322-2158 

332-5538 

10-3380 

16-0 

58-0947 

64- 

5-9053 

49- 

332-5538 

343-0000 

10-4462 

16-5 

61-0236 

67-0247 

6-0011 

50- 

343-0000 

353-5534 

10-5534 

17-0 

64- 

70-0928 

6-0928 

51- 

353-5534 

364-2128 

10-6594 

17-5 

67-0247 

73-2078 

6-1831 

52- 

364-2128 

374-9773 

107645 

18-0 

70-0928 

76-3675 

6-2747 

53- 

374-9773 

385-8458 

10-8685 

18-5 

73-2078 

79-5715 

6-3637 

54- 

385-8458 

396-8173 

10-9715 

19-0 

76-3675 

82-8191 

6-4516 

55- 

396-8173 

407-8909 

11-0736 

19-5 

79-5715 

86-1097 

6-5382 

56- 

407-8909 

419-0656 

11-1747 

20-0 

82-8191 

89-4427 

6-6236 

57- 

419-0656 

430-3406 

11-2750 

20-5 

86-1097 

92-8177 

67080 

58- 

430-3406 

441-7148 

11-3742 

21-0 

89-4427 

96-2341 

6-7914 

59- 

441-7148 

453-1876 

11-4728 

21-5 

92-8177 

99-6914 

6-8737 

60- 

453-1876 

464-7580 

11-5704 

•22-0 

96-2341 

103-1892 

6-9551 

61- 

464-7580 

476-4252 

11-6672 

•i-i-  :> 

99-6914 

106-7269 

7-0355 

62- 

476-4252 

488-1885 

11-7633 

23' 

103-1892 

110-3041 

7-1149 

63- 

488-1885 

500-0470 

11-8585 

23-5 

106-7269 

113-9205 

7-1936 

«4- 

500-0470 

512-0000 

11-9530 

24- 

110-3041 

117-5755 

7-2714 

65- 

512-0000 

524-0468 

12-0468 

25- 

117-5755 

125' 

7-4245 

66- 

524-0468 

536-1865 

12-1397 

Values  of  »  from  3 '5  to  65. 


THE  DISCHARGE  OF   WATER  FROM 


TABLE  V.— Coefficients  of  Discharge  for  Different  Ratio*  if  the  Channel  to  the 
Orifice. — Coefficients  for  Heads  in  still  water  "550  and  '573.  See  equations 
(44;  and  (44n)  and  the  observations  thereon  at  p.  99. 


Ratio 

of  the 
•hannel 
to  the 
orifice. 

Coefficient  '550  for  heads  in  still 
water. 

Coefficient  '573  for  heads  in  still 
water. 

Ratio  of  the 
height  due 
to  the  velo- 
city uf  ap- 
proach to 
the  head. 

Coefficients 
or  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

Ratio  of  the 
height  due 
to  the  velo- 
city of  ap- 
proach to 
the  head. 

Coefficients 
for  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

30' 

•ooo 

•550 

•550 

•ooo 

•573 

•573 

20' 

•ooi 

•550 

•551 

•001 

•573 

•574 

IS; 

•001 

•550 

•551 

•001 

•678 

•574 

10- 

•003 

•551 

•662 

•003 

•574 

•576 

9- 

•004 

•551 

•553 

•004 

•574 

•576 

8- 

•005 

•551 

•554 

•005 

•574 

•577 

7- 

•006 

•552 

•555 

•007 

•575  ' 

•578 

6- 

•008 

•552 

•557 

•009 

•576 

•580 

5-5 

•010 

•553 

•558 

•on 

•576 

•582 

5-0 

•012 

•553 

•559 

•013 

•577 

•584 

4-5 

•015 

•554 

•562 

•016 

•578 

•586 

4-0 

•019 

•555 

•565 

•021 

•579 

•589 

375 

•022 

•556 

•566 

•024 

•580 

•592 

3-50 

•025 

•557 

•569 

•028 

•581 

•594 

3-25 

•029 

•558 

•572 

•032 

•582 

•598 

3-0 

•088 

•559 

•575 

•038 

•584 

•602 

275 

•042 

•561 

•580 

•045 

•586 

•607 

2-50 

•051 

•564 

•586 

•055 

•589 

•614 

2-25 

•064 

•567 

•594 

•069 

•593 

•623 

2-00 

•082 

•572 

•606 

•089 

•598 

•636 

1-95 

•086 

•573 

•609 

•094 

•599 

•639 

1-90 

•091 

•575 

•612 

•100 

•601 

•643 

1-85 

•097 

•576 

•615 

•106 

•603 

•647 

1-80 

•103 

•578 

•619 

•113 

•604 

•651 

1-75 

•no 

•679 

•623 

•120 

•606 

•655 

1-70 

•117 

•581 

•627 

•128 

•609 

•660 

1-65 

•126 

•583 

•632 

•137 

•611 

•666 

1-60 

•586 

•637 

•147 

•614 

•671 

1-55 

•144 

•588 

•643 

•158 

•617 

•678 

1-50 

•166 

•591 

•049 

•171 

•620 

•685 

1-45 

•168 

•594 

•656 

•185 

•624 

•694 

1-40 

•183 

•698 

•664 

•201 

•628 

•703 

1-35 

•199 

•602 

•673 

•220 

•633 

•713 

1-30 

•218 

•607 

•683 

•241 

•638 

•724 

1-25 

•240 

•612 

•695 

•266 

•645 

•737 

1-20 

•265 

•619 

•707 

•295 

•682 

•753 

1-15 

•297 

•626 

•723 

•330 

•661 

•770 

1-10 

•333 

•635 

•741 

•878 

•671 

•791 

1-05 

•378 

•646 

762 

•484 

•684 

•816 

1-00 

•434 

•659 

•489 

•845 

See  the  auxiliary  tables,  pp.  104,  108,  and  111. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


455 


TABLE  V.— Coefficients  of  Discharge  for  different  Ratios  of  the  Channel  to  the 
Orifice.— Coefficients  for  heads  in  still  water  '584  and  '595.  See  equations  (44) 
ind  (44a)  and  the  observations  thereon  at  p.  99. 


Ratio  of 

the 
channel 
to  the 
orifice. 

Coefficient  "584  for  heads  in  still 
water. 

Coefficient  '595  for  heads  in  still 
water. 

Katio  of 
the  height 
due  to  the 
velocity  of 
approach 
x>  the  head. 

Coefficients 
or  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
o  the  head. 

Coefficients 
ior  orifices  :  , 
the  heads   ', 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

so- 

•ooo 

•584 

•584 

•ooo 

•595 

•595 

so- 

•001 

•584 

•585 

•001 

•595 

•596 

15- 

•002 

•584 

•585 

•002 

•595 

•596 

10- 

•003 

•585 

•587 

•004 

•596 

•598 

9-0 

•004 

•585 

•588 

•004 

•596 

•599 

1-0 

•005 

•586 

•588 

•006 

•597 

•600 

7-0 

•007 

•586 

•590 

•007 

•597 

•601 

6-0 

•010 

•587 

•592 

•010 

•598 

•603 

5-5 

•Oil 

•587 

•593 

•012 

•599 

•605 

5-0 

•014 

•588 

•595 

•014 

•599 

•607 

4-5 

•017 

•589 

•598 

•018 

•600 

•610 

4-0 

•022 

•590 

•601 

•023 

•602 

•613 

3-75 

•025 

•591 

•604 

•026 

•603 

•616 

3-50 

•029 

•592 

•606 

•030 

•604 

•619 

3-25 

•033 

•594 

•610 

•035 

•605 

•622 

3-0 

•039 

•595 

•614 

•041 

•607 

•627 

275 

•047 

•598 

•620 

-049 

•609 

•633 

2-50 

•058 

•601 

•627 

•060 

•613 

•641 

2-25 

•072 

•605 

•637 

•075 

•617 

•651 

2-0 

•093 

•611 

•651 

•097 

•623 

•666 

1-95 

•099 

•612 

•654 

•103 

•625 

•669 

1-90 

•104 

•614 

•660 

•109 

•227 

•673 

1-85 

•111 

•615 

•662 

•115 

•628 

•678 

1-80 

•118 

•617 

•666 

•123 

•630 

•682 

1-75 

•125 

•620 

•671 

•131 

•633 

•687 

1-70 

•134 

•622 

•676 

•140 

•635 

•693 

1-65 

•143 

•624 

•682 

•149 

•638 

•699 

1-60 

•154 

•627 

•689 

•160 

•641 

•706 

1-55 

•166 

•631 

•696 

•173 

•644 

•713 

1-50 

•179 

•634 

•703 

•187 

•648 

•721 

1-45 

•194 

•638 

•712 

•202 

•652 

•730 

1-40 

•211 

•643 

•722 

•220 

•657 

•741 

1-35 

•230 

•648 

•732 

•241 

•663 

•752 

1-30 

•253 

•654 

•745 

•265 

•669 

•765 

1-25 

•279 

•661 

•759 

•293 

•677 

•780 

1-20 

•310 

•669 

•775 

•325 

•685 

•797 

1-15 

•348 

•678 

•794 

•366 

•695 

•818 

1-10 

•393 

•689 

•816 

•414 

•707 

•842 

1-05 

•448 

•703 

•842 

•473 

•722 

•870 

1-00 

•518 

•719 

•874 

•548 

•740 

•905 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 
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THE  DISCHARGE  OF    WATER 


TABLE  V.— Coefficients  of  Di»charge  for  different  Batios  of  the  Channel  to  flic 
Orifice. — Coefficients  for  h>  ads  in  still  water  '606  and  '617.  See  equations  (14) 
and  (44a)  and  the  observations  thereon  at  p.  99. 


Ratio 
of  the 
channc 
to  the 
orifice. 

Coefficient  '60(5  for  heads  in 
still  water. 

Coefficient  '617  for  heads  in 
still  water. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
to  the  head 

Coefficient*- 
for  orifices 
;  the  heads 
,  measured 
to  the 
centres. 

Coefficients 
for  w«ira  : 
the  heads 
measured 
the  full 
depth. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
to  the  head 

Coefficients 
for  orifices 
the  heads 
measured 
to  the 
centres. 

Coefiii 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

30- 

•ooo 

•606 

•606 

•ooo 

•617 

•617 

20- 

•001 

•606 

•607 

•001 

•lil7 

•618 

15- 

•002 

•607 

•607 

•002 

•618 

•619 

10- 

•004 

•607 

•609 

•004 

•618 

•620 

9-0 

•005 

•607 

•610 

•005 

•618 

•621 

8-0 

•006 

•608 

•611 

•006 

•619 

•622 

7-0 

•008 

•608 

•612 

•008 

•619 

•624 

6-0 

•010 

•609 

•615 

•on 

•620 

•626 

5-5 

•012 

•610 

•616 

•013 

•621 

•628 

5-0 

•015 

•611 

•619 

•015 

•622 

•630 

4-5 

•018 

•612 

•621 

•019 

•623 

•633 

4-0 

•023 

•613 

•625 

•024 

•624 

•637 

375 

•027 

•614 

•628 

•028 

•626 

•640 

3-50 

•031 

•615 

•631 

•032 

•627 

•643 

3-25 

•036 

•617 

•635 

•037 

•628 

•647 

3-00 

•043 

•619 

•640 

•044 

•630 

•653 

275 

•051- 

•621 

•646 

•053 

•633 

•660 

2-50 

•062 

•625 

•654 

•065 

•637 

•668 

2-25 

•078 

•629 

•665 

•081 

•642 

•678 

2-00 

•101 

•636 

•681 

•105 

•649 

•696 

1-95 

•107 

•638 

•685 

•111 

•650 

700 

1-90 

•113 

•639 

•689 

•118 

•652 

704 

1-85 

•119 

•641 

•693 

•125 

•654 

709 

1-80 

•128 

•644 

•698 

•133 

•657 

714 

175 

•136 

•646 

703 

•142 

•659 

720 

170 

•146 

•649 

709 

•552 

•662 

726 

1-65 

•156 

•652 

716 

•163 

•665 

733 

1-60 

167 

•655 

723 

•175 

•669 

741 

1-55 

•180 

•658 

731 

•188 

•673 

749 

1-50 

•195 

•662 

739 

•204 

•677 

•769 

1-45 

•212 

•667 

749 

•221 

•681 

768 

1-40 

•231 

•672 

760 

•241 

•687 

780 

1  •:;;, 

•252 

•678 

772 

•264 

•694 

1-30 

•278 

•685 

786 

•291 

701 

•808 

1-25 

•307 

•693 

•803 

•322 

•708 

•825 

1-20 

•342 

702 

•821 

•359 

719 

M5 

•384 

713 

•843 

•404 

731 

•868 

1-10 

•436 

726 

•868 

•459 

745 

1-05 

•499 

742 

•898 

•527 

763 

•928 

1-00 

•580 

762 

•936 

•615 

784 

•969 

See  the  auxiliary  tables,  pp.  104,  108,  and  111. 
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TABLE  V.— Coefficients  of  Discharge  for  aifftrent  Ratios  of  the.  Channel  to  the 
Orijice.— Mean  Coefficient  '628.  Coefficients  for  heads  in  still  water  '628  and 
•639.  See  equations  (44)  and  (44«)  and  the  observations  thereon  at  p.  99. 


Ratio 
of  the 
channel 
to  the 
orifice. 

Coefficient  -628  for  heads  in 
still  water. 

Coefficient  '639  for  heads  in 
still  water. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
to  the  head. 

Coefficients 
for  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
to  the  head. 

Coefficients 
for  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

30- 

•ooo 

•628 

•628 

•ooo 

•639 

•639 

20- 

•001 

•628 

•629 

•001 

•639 

•640 

15- 

•002 

•629 

•630 

•002 

•640 

•641 

10- 

•004 

•629 

•632 

•004 

•640 

•643 

9-0 

•005 

•630 

•632 

•005 

•641 

•644 

8-0 

•006 

•630 

•634 

•006 

•641 

•645 

7-0 

•008 

•631 

•635 

•008 

•642 

•647 

6-0 

•Oil 

•631 

•638 

•on 

•643 

•649 

5-5 

•013 

•632 

•640 

•014 

•643 

•651 

5-0 

•016 

•633 

•642 

•017 

•644 

•654 

4-5 

•020 

•634 

•645 

•021 

•646 

•657 

4-0 

•025 

•636 

•649 

•026 

•647 

•662 

375 

•029 

•637 

•652 

•030 

•648 

•665 

3-50 

•033 

•638 

•656 

•034 

•650 

•668 

3-25 

•039 

•639 

•659 

•040 

•652 

•673 

3-0 

•046 

•642 

•666 

•048 

•654 

•678 

275 

•055 

•645 

•672 

•057 

•657 

•686 

2-50 

•067 

•649 

•682 

•070 

•661 

•695 

2-25 

•084 

•654 

•694 

•088 

•666 

•708 

2-0 

•109 

•661 

•711 

•114 

•674 

•727 

1-95 

•116 

•663 

•715 

•120 

•676 

•731 

1-90 

•123 

•665 

•720 

•128 

•679 

•736 

1-85 

•130 

•668 

•725 

•135 

•681 

•741 

1-80 

•139 

•670 

•731 

•144 

•684 

•747 

1-75 

•148 

•673 

•737 

•154 

•686 

•753 

1-70 

•158 

•676 

•743 

•165 

•690 

•760 

1-65 

•169 

•679 

•750 

•176 

•693 

•768 

1-60 

•182 

•683 

•758 

•190 

•697 

•776 

1-55 

•196 

•687 

•767 

•205 

•701 

•786 

1-50 

•213 

•692 

•777 

•222 

•706 

•796 

1-45 

•231 

•697 

•788 

•241 

•712 

•808 

1-40 

•252 

•703 

•800 

•262 

•718 

•820 

1-35 

•276 

•709 

•814 

•289 

•725 

•836 

1-30 

•304 

•717 

•830 

•319 

•734 

•853 

1-25 

•338 

•726 

•846 

•354 

•743 

•872 

1-20 

•377 

•734 

•866 

•396 

•755 

•895 

1-15 

•425 

•750 

•894 

•447 

•769 

•921 

1-10 

•484 

•765 

•924 

•509 

•785 

•953 

1-05 

•557 

•784 

•959 

•588 

•805 

•991 

1-00 

•651 

•807 

1-002 

•690 

•831 

1-038 

Bee  the  auxiliary  tables,  pp.  104,  108,  and  111. 
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THE  DISCHARGE  OF   WATER  M.i.V 


TABLE  V.— Coefficient!  of  Discharge  for  different  Ratios  of  the  Channel  to  th° 
Orifice. — Coefficients  for  heads  in  still  water  '650  and  '(567.  See  equations  (44) 
and  (44a)  and  the  observations  thereon  at  p.  '.>!'. 


Ratio 
of  the 
channel 
to  the 
orifice. 

Coefficient  -650  for  heads  in 
still  water. 

Coefficient  66"  for  heads  in 
still  water. 

Ratio  of 

the  height 
due  to  the 
velocity  of 
approach 
to  the  head. 

Coefficients 
for  orifices  : 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

Ratio  of 
the  height 
due  to  the 
velocity  of 
approach 
to  the  head. 

Coefficients 
for  I'rifices: 
the  heads 
measured 
to  the 
centres. 

Coefficients 
for  weirs  : 
the  heads 
measured 
the  full 
depth. 

30- 

•ooo 

•650 

•650 

•ooo 

•667 

•667 

20- 

•001 

•650 

•651 

•001 

•667 

•668 

15- 

•002 

•651 

•652 

•002 

•667 

•669 

lo- 

•004 

•651 

•654 

•004 

•668 

•671 

o- 

•005 

•652 

•655 

•006 

•669 

•672 

s' 

•007 

•652 

•656 

•007 

•669 

•673 

7-0 

•009 

•653 

•658 

•009 

•670 

•675 

6-0 

•012 

•654 

•661 

•012 

•671 

•678 

5-5 

•014 

•655 

•663 

•015 

•672 

•680 

5-0 

•017 

•656 

•665 

•018 

•673 

•682 

4-5 

•021 

•657 

•669 

•022 

•674 

•687 

4-0 

•027 

•659 

•674 

•029 

•676 

•692 

3-75 

•031 

•660 

•677 

•033 

•678 

•696 

3-50 

•036 

•662 

•681 

•038 

•679 

•700 

3-25 

•042 

•663 

•686 

•044 

•681 

•705 

3-0 

•049 

•666 

•692 

•052 

•684 

•711 

2-75 

•059 

•669 

•699 

•062 

•687 

•720 

12-50 

•073 

•673 

•709 

•077 

•692 

•731 

2-20 

•091 

•679 

•723 

•096 

•698 

•745 

2-0 

•118 

•687 

•742 

•125 

•707 

•766 

1-95 

•125 

•689 

•747 

•132 

•709 

•771 

1-90 

•133 

•692 

•752 

•140 

•712 

•777 

1-85 

•141 

•694 

•758 

•149 

•715 

•783 

1-80 

•150 

•697 

•764 

•159 

•718 

•790 

175 

•160 

700 

•771 

•170 

•721 

•797 

1-70 

•172 

•704 

•779 

•182 

•725 

•805 

1-65 

•184 

•707 

•786 

•195 

•729 

•814 

1-60 

•198 

•711 

•795 

•210 

•733 

•823 

1-55 

•213 

•716 

•805 

•227 

•738 

•833 

1-50 

•231 

•721 

•816 

•246 

•744 

•846 

1-45 

•251 

•727 

•828 

•268 

•751 

•859 

1-40 

•275 

•734 

•842 

•293 

•758 

•874 

1-35 

•302 

•742 

•858 

•322 

•764 

•888 

1-30 

•333 

•751 

•876 

•356 

•776 

•911 

1-25 

•371 

•761 

•896 

•398 

•788 

•934 

1-20 

•415 

•773 

•920 

•446 

•802 

•961 

1-15 

•469 

•788 

•949 

•506 

•818 

•992 

1-10 

•537 

•806 

•983 

•580 

•838 

1-030 

1-05 

•621 

•828 

1-024 

•675 

•863 

1-076 

1-00 

•732 

•855 

1-074 

•800 

•894 

1-133 

See  the  auxiliary  tables,  pp.  104,  108,  and  111. 
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TABLE  V. — Coefficients  of  Discharge  for  different  Ratios  of  the  Channel  to  the 
Orifice.—  Coefficients  for  heads  in  still  water  V~l>  =  '7071  and  1.  See  equa- 
tions (44)  and  (44a)  and  the  observations  thereon  at  pp.  98  and  99. 


Coefficient  "707  for  heads  in 
still  water. 

Coefficient  I'OOO  for  heads  in  still 
water,  and  multipliers  of  cd  in  equa- 

Ratio 

tions  (45a)  and  (46o),  which  see. 

Ofth3 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of    j  Coefficients 

Coefficients 

'11:11  1  lie. 

to  the 

the  height 
due  to  the 

or  orifices  : 
the  heads 

for  weirs  : 
the  heads 

the  height 
due  to  the 

'or  orifices  : 
the  heads 

for  weirs  : 
the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

the  full 

approach 

to  the 

the  full 

a  the  head. 

centres. 

depth. 

;o  the_head. 

centres. 

depth. 

30- 

•001 

•707 

•708 

•ooi 

1-001 

1-002 

20- 

•ooi 

•708 

•708 

•003 

1-001 

1-004 

15- 

•001 

•708 

•709 

•005 

1-002 

1-006 

lo- 

•005 

•709 

•712 

•010 

1-005 

1-014 

g- 

•006 

•709 

•713 

•013 

1-006 

1-017 

s' 

•008 

•710 

•714 

•016 

1-008 

1-021 

7- 

•010 

•711 

•717 

•021 

1-010 

1-028 

6- 

•014 

•712 

•721 

•029 

1-014 

1-038 

5-S 

•017 

•713 

•723 

•034 

1-017 

1-045 

5-0 

•020 

•714 

•727 

•041 

1-021 

1-055 

4-5 

•025 

•716 

•731 

•052 

1-026 

1-067 

4-0 

•032 

•718 

•737 

•067 

1-033 

1-084 

3-75 

•037 

•720 

•742 

•077 

1-038 

1-096 

3-50 

•043 

•722 

•747 

•089 

1-044 

1-110 

3-25 

•050 

•724 

•753 

•105 

1-051 

1-127 

3-00 

•059 

•728 

•760 

•125 

1-061 

1-149 

2-75 

•071 

•732 

•770 

•152 

1-073 

1-178 

2-50 

•087 

•737 

•783 

•190 

1-091 

1-216 

2-25 

•no 

•745 

•801 

•246 

1-116 

1-269 

2-00 

•143 

•756 

•826 

•333 

1-155 

1-347 

1-95 

•151 

•759 

•832 

•356 

1-165 

1-367 

1-90 

•161 

•762 

•839 

•383 

1-176 

1-389 

1-85 

•171 

•765 

•846 

•412 

1-188 

1-413 

1-80 

•182 

•769 

•854 

•446 

1-203 

1-441 

1-75 

•195 

•773 

•863 

•484 

1-218 

1-471 

1-70 

•209 

•778 

•873 

•529 

1-237 

1-505 

1-65 

•225 

•783 

•883 

•579 

1-257 

1-543 

1-60 

•243 

•788 

•895 

•641 

1-281 

1-589 

1-55 

•263 

•795 

•908 

•711 

1-308 

1-638 

1-50 

•286 

•802 

•923 

•800 

1-342 

1-699 

1-45 

•312 

•810 

•939 

•903 

1-379 

1-767 

1-40 

•342 

•819 

•958 

1-042 

1-429 

1-854 

1-35 

•378 

•830 

•980 

1-216 

1-489 

1-958 

1-30 

•421 

•842 

1-003 

1-449 

1-565 

2-088 

1-25 

•471 

•857 

1-033 

1-778 

1-667 

2-259 

1-20 

•532 

•875 

1-066 

2-273 

1-810 

2-499 

1-15 

•608 

•897 

1-107 

3-100 

2-025 

2-844 

1-10 

•704 

•923 

1-155 

4-762 

2-400 

3-440 

1-05 

•830 

•957 

1-216 

9-756 

3-280 

4-803 

1-00 

1-000 

1-000 

1-293 

infinite. 

infinite. 

infinite. 

See  the  auxiliary  table,  p.  Ill,  also  pp.  112,  113. 
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THE  DISCHARGE  OF   WATER  FROM 


TABLE  VI.  —  The  Discharge  over  Weirs  or  Notches  of  one  foot  in  length,  in 
f'''t  i  Depths  J  inch  to  10  inches.      GREATER  roEFFicn 

to  '617. — The  Formula  at  the  heads  of  the  Columns  give  the  Value  of  the 
Discharge,  D,  in  Cubic  feet  per  minute,  when  I,  the  length  of  the  Weir,  in  taken 
in  feet,  and  the  head,  h,  in  inchei.  For  I  v A>  tee  may  substitute  I  hv  h,  retaining 
the  same  standard*. 


Heads 
in 
inches. 

Theoretical 
discharge, 
D  = 

7-7-2/.V  h*. 

Coefficient 
v.t;7. 
D  = 
515Z\/A3. 

Coefficient 
•650. 
D  = 
5-02  lV  h*. 

Coefficient 
•639. 
D  = 
4-93  I  V/t3. 

Coefficient 

•li-js. 
D  = 

Coefficient 
•617. 
D  = 
4-76  I  V'AS. 

•25 

•965 

•644 

•627 

•617 

•606 

•596 

•5 

2730 

1-821 

1775 

1-744 

1-714 

1-684 

•75 

5-016 

3-345 

3-260 

3-205 

3-150 

3-095 

1- 

7722 

5-151 

5-019 

4-934 

4-849 

4784 

1-25 

10792 

7-198 

7-015 

6-896 

6-777 

6-659 

1-5 

14-186 

9-462 

9-221 

9-065 

8-909 

8753 

175 

17-877 

11-924 

11-620 

11-423 

11-227 

11-030 

2- 

21-842 

14-569 

14-197 

13-957 

13-717 

18-477 

2-25 

26-062 

17-383 

16-940 

16-654 

16-367 

16-080 

2-5 

30-524 

20-360 

19-841 

19-505 

19-169 

18-833 

275 

35-215 

23-489 

22-890 

22-503 

22-115 

21  -7i'S 

3- 

40-125 

26-763 

26-081 

25-640 

25-199 

24757 

3-25 

45-244 

30-178 

29-408 

28-911 

28-413 

27-916 

3-5 

50-563 

33-726 

32-866 

32-310 

81754 

81-197 

375 

56-077 

37-403 

36-450 

35-833 

35-216 

4- 

61-777 

41-205 

40-155 

39-476 

38796 

38-116 

4-25 

67-658 

45-128 

43-978 

43-233 

42-489 

41745 

4-5 

73714 

49-167 

47-914 

47-103 

46-292 

45-482 

475 

79-942 

53-321 

51-962 

51-083 

50-203 

5- 

86-335 

57-585 

56-118 

55-168 

54-218 

58-269 

5-25 

92-891 

61-958 

60-379 

59-357 

58-335 

57-314 

5-5 

99-604 

66-436 

64-743 

63-647 

62-551 

61-456 

575 

106-472 

71-017 

69-207 

68-036 

66-864 

65-693 

6- 

113-491 

75-698 

73769 

72-521 

71  -11  -1 

70-024 

6-25 

120-657 

80-478 

78-427 

77-100 

75-772 

74-445 

6-5 

127-969 

85-355 

83-180 

si  -iri 

80-365 

675 

135-422 

90-326 

88-024 

86-535 

85-045 

7- 

143-015 

95-391 

92-960 

91-387 

89-813 

88-240 

7-25 

150744 

100-546 

97-983 

96-325 

94-667 

7-5 

158-608 

105-792 

103-095 

101-350 

99-606 

97-861 

775 

166-604 

111-125 

108-292 

106-460 

104-627 

102795 

8- 

174731 

116-546 

li:5-f)75 

111-653 

109-781 

107-809 

8-26 

182-984 

122-051 

118-940 

116-927 

114-914 

112-901 

8-5 

191-365 

127-640 

124-387 

122-282 

120-177 

1  18-072 

875 

199-869 

133*818 

129-918 

127716 

L25-518 

9- 

208-496 

139-067 

135-522 

133-229 

130-935 

9-25 

217-248 

144-901 

141-207 

138-818 

186-428 

184-089 

9-5 

226-111 

150-816 

146-972 

1  W485 

141-997 

975 

235-093 

156-807 

152-810 

150-225 

I  17  •(;:','.» 

[45-058 

10- 

244-193 

162-877 

158-726 

156-039 

160-666 

See  pp.  114  to  133. 
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TASLE  VI. — The  Discharge  over  Weirs  or  Notches  of  one  foot  in  length,  in  Cubic 
feet  per  minute. — Depths  10 '25  inches  to  32  inches.  GREATER  COEFFICIENTS 
'ti(>7  to  '017. — The  Formulae  at  the  heads  of  the  Columns  give  the  Value  of  the 
Discharge,  D,  in  Cubic  feet  per  minute,  when  I,  the  length  of  the  Weir,  is  taken 
infect,  and  the  head,  h,  in  inchet.  For  I  "*  h*  we  may  substitute  I  V*  h,  retaining 
the  same  standards. 


Heads 
in 
inches. 

Theoretical 
discharge, 
D  = 
772  I  ^h3. 

Coefficient 
•667. 
D  = 
5-15  I  V>. 

Coefficient 
•650. 
D  = 
5-02  I  vV. 

Coefficient 
•639. 
D  = 
•93  I  VftS. 

Coefficient 
•628. 
D  = 
•85  I  ^h3. 

Coefficient 
•617. 
D  = 
•76  I  V/,3. 

10-25 

253-407 

169-023 

164-715 

161-927 

159-140 

156-352 

10-5 

262-734 

175-244 

170777 

167-887 

164-997 

162-107 

1075 

272-173 

181-450 

176-913 

173-919 

170-925 

167-931 

11- 

281723 

187-909 

183-120 

180-021 

176-922 

173-823 

11-25 

291  -382 

194-352 

189-398 

186-193 

182-988 

179782 

11-5 

301-148 

200-866 

195-746 

192-434 

189121 

185-808 

11-75 

311-024 

207-451 

202-164 

198743 

195-321 

191-900 

12- 

321- 

214-107 

208-650 

205-119 

201-588 

198-057 

12-5 

341-275 

227-628 

221-826 

218-072 

214-318 

210-564 

13- 

361-950 

241-421 

235-268 

231-286 

227  -305 

223-323 

13-5 

383-031 

255-482 

248-970 

244757 

240-543 

236-330 

14- 

404-507 

269-806 

262-930 

258-480 

254-030 

249-581 

14-5 

426-368 

284-387 

277-139 

272-449 

267759 

263-069 

15- 

448-611 

299-223 

291-597 

286-662 

281728 

276793 

15-5 

471-228 

314-309 

306-298 

301-115 

295-931 

290748 

16- 

494-212 

329-639 

321-238 

315-801 

310-365 

304-929 

16-5 

517-558 

345-211 

336-413 

330720 

325-026 

319-333 

17- 

541-261 

361-021 

351-820 

345-866 

339-912 

333-958 

17-5 

565-315 

377-065 

367-455 

361-236 

355-018 

348799 

18- 

589-715 

393-340 

383-315 

376-828 

370-341 

363-854 

18-5 

614-443 

409-833 

399-388 

392-629 

385-870 

379-111 

19- 

639-533 

426-569 

415-696 

408-662 

401-627 

394-592 

19-5 

664-944 

443-518 

432-214 

424-899 

417-585 

410-270 

20- 

690-682 

460-685 

448-943 

441-346 

433-748 

426-151 

20-5 

716-737 

478-064 

465-879 

457-995 

450-111 

442-227 

21- 

743-125 

495-664 

483-031 

474-857 

466-683 

458-508 

21-5 

769-823 

513-472 

500-385 

491-917 

483-449 

474-981 

22' 

796-832 

531-487 

517-941 

509-176 

500-410 

491-645 

22-5 

824-151 

549-709 

535-698 

526-632 

517-567 

508-501 

23- 

851775 

568-134 

553-654 

544-284 

534-915 

525-545 

23-5 

879700 

586760 

571-805 

562-128 

552-452 

542775 

24' 

907-925 

605-586 

590-151 

580-164 

570-177 

560-190 

25- 

965-253 

643-824 

627-414 

616797 

606-179 

595-561 

26- 

1023-748 

682-840 

665-436 

654-175 

642-914 

631-653 

27' 

1083-375 

722-611 

704-194 

692-277 

680-360 

668-442 

28- 

1144-116 

763-125 

743-675 

731-090 

718-505 

705-920 

29- 

1205-950 

804-369 

783-868 

770-602 

757-337 

744-071 

30- 

1268-864 

846-332 

824-762 

810-804 

796-847 

782-889 

31- 

1332-833 

889-000 

866-341 

851-680 

837-019 

822-358 

32- 

1397-842 

932-361 

908-597 

893-221 

877-845 

862-469 

See  pp.  114  to  133. 
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THE  DISCHARGE  OF   WATER  FROM 


TABLE  VI. — The  Discharge  over  Weirs  or  Scotches  of  one  foot  in  length,  in 

feet  per  minute. — Depths  33  inches  to  72  inches.  GREATER  COEFFICIENTS 
•667  to  '617.—  The  Formulae  at  the  head*  of  the  Columns  gire  the  Value  of  the 
Discharge,  D,  in  Cubic  feet  per  minute,  when  I,  the  length  of  the  Weir,  is  taken 
in  feet,  and  the  head,  h,  in  inches.  For  I  "v  A3  ice  may  sul/xtitute  I  h  v  h,  retaining 
the  same  standards. 


Heads 
in 
inches. 

Theoretical 
discharge, 
D  = 
7-72  I  vT*. 

Coefficient 
•tioT. 
D  = 
5-15  I  vfc 

Coefficient 
•650. 
D  = 
5-02  1  V  h3 

Coefficient 
•639. 
D  = 
4-93  I  vT3. 

Coefficienl 

D  = 
4-85  1  V*3. 

Coefficient 
•017. 
D  = 
476Z  VAS. 

33- 

1463-875 

976-405 

951-519      935-416 

919-314 

903-211 

34' 

1530-917 

1021-122 

995-096      978-256 

961-416 

944-576 

35- 

1598-951 

1066-500 

1039-318    1021730 

1004-141 

986-553 

36- 

1667-964 

1112-532 

1084-177    1065-829 

1047-481 

1029-134 

37' 

1737-943 

1159-208 

1129-663    1110-546 

1091  -4-28 

1072-311 

38- 

1808-875 

1206-520 

1175-769  '  1155-871 

1135-974 

1116-076 

39- 

1880746 

1254-458 

1-222-485 

1201-797 

1181-108 

1160-420 

40- 

1953-544 

1303-014 

1269-804 

1248-315 

1226-826 

41- 

2027-258 

1352-181 

1317-718 

1295-418 

1273-118 

1250-818 

42- 

2101-876 

1401-951 

1366-219 

1343-099 

1319-978 

1296-857 

43- 

2177-387 

1452-317 

1415-302 

1391-350 

1367-399 

1343-448 

44- 

2253-783 

1503-273 

1464-959 

1440-167 

1415-376 

1390-584 

45- 

2331-052 

1554-812 

1515-184 

1489-542 

1463-901 

1438-259 

46- 

2409-183 

1606-925 

1565-969 

1539-468 

1512-967 

1486-466 

47' 

2488-170 

1659-609 

1617-311 

1589-941 

1562-571 

1535-201 

48- 

2568- 

1712-856 

1669-200 

1640-952 

1612*704 

1584-456 

49- 

2648-666 

1766-660 

1721-633 

1692-498 

1663-362 

1684-227 

50- 

2730-160 

1821-021 

1774-604 

1744-572 

1714-540 

1684-509 

51- 

2812-474 

1875-920 

1828-108 

1797-171 

1766-234 

52- 

2895-597 

1931-363 

1882138 

1850-286 

1818-435 

1786-583 

53- 

2979-525 

1987-343 

1936-691 

1903-916 

1871-142 

1838-367 

54- 

3064-253 

2043-857 

1991-764 

1958-058 

1924-351 

55' 

3149-755 

2100-887 

2047-341 

2012-693 

1978-046 

56- 

3236-050 

2158-445 

2103-433 

2067-836 

2032-239 

1996-643 

67- 

3323-117 

2216-519 

2160-026 

2128-472 

2086-917 

2050-363 

58- 

3410-946 

2275-101 

2217-115 

2179-594 

21  42  -074 

59- 

3499-542 

2334-195 

2274702 

2236-207 

2197712 

60- 

3588-889 

2393-789 

2332-778 

2293-300 

2253-822 

2214-844 

61- 

3678-984 

2453-882 

2391-340 

2350-871 

231  0-402 

62- 

3769-825 

2514-473 

2450-386 

2408-918 

2367-450 

63- 

3861-393 

2676-549 

2509-905 

2467-430 

2424-966 

64- 

3953-694 

2637-114 

2569-901 

2526-410 

65- 

4046720 

2699-162 

2630-368 

2585-854 

2641-840 

66' 

4140-465 

2761-690 

2691  -302 

2645757 

2600-212 

67' 

4234-922 

2824-693 

2762-690 

2706-115 

68- 

4330-086 

2888-167 

2814-556 

2766-925 

2719-294 

2r,/l  -668 

69- 

4425-954 

2952-111 

2876-870 

2828-185 

70- 

4522  -f-16 

3016-518 

2939-635 

2889-888 

2840-140 

71- 

4619-774 

3081-389 

3002-853 

2952-036 

2901-218 

7-2- 

4717-718 

3146718 

3066-518 

3014-682 

•2W2-7-27 

See  pp.  114  to  133. 
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TABLE  VI. — The  Discharge  over  Weirs  or  Notches  of  one  foot  in  length,  in  Cubic- 
feet  per  minute. — Depths  |  inch  to  10  inches.  LESSER  COEFFICIENTS  '600 
to  '518. — The  Formulae  at  the  heads  of  the  Columns  give  the  Value  of  the 
Discharge,  D,  in  Cubic  feet  per  minute,  when  I,  the  length  of  the  Weir,  is  taken 
infect,  and  the  head,  h,  in  inches.  For  I  •»  As  we  may  substitute  I  h  "^h,  retaininy 
the  same  standards. 


Heads 
in 
inches. 

Coefficient 
•606. 
D  = 
4-68  I  VV. 

Coefficient 
•595. 
D  = 
4-59  1  V&3. 

Coefficient 
•584. 
D  = 
4-51  I  */h3. 

Coefficient 
•562. 
D  = 
4-34  I  ^h3. 

Coefficient 
•540. 
D  = 
4-17  I  VAS. 

Coefficient 
•518. 
D  = 
4  1  V  h3. 

•25 

•585 

•574 

•564 

•542 

•521 

•500 

•5 

1-654 

1-624 

1-504 

1-534 

1-474 

1-414 

75 

3-039 

2-985 

2-929 

2-819 

2708 

2-598 

I- 

4-680 

4-595 

4-510 

4-340 

4-170 

4-000 

1-25 

6-540 

6-421 

6-303 

6-065 

5-828 

5-590 

1-5 

8-597 

8-441 

8-284 

7-973 

7-660 

7-348 

175 

10-833 

10-637 

10-440 

10-047 

9-653 

9-260 

a- 

13-236 

12-996 

12756 

12-275 

11-795 

11-314 

2'25 

15-794 

15-507 

15-220 

14-647 

14-073 

13-500 

2'5 

18-498 

18-162 

17-826 

17-155 

16-483 

15-811 

275 

21-340 

20-953 

20-556 

19791 

19-016 

18-241 

3- 

24-316 

23-874 

23-433 

22-550 

21-668 

20-785 

3-25 

27-418 

26-920 

26-422 

25-427 

24-432 

23-436 

3-5 

30-641 

30-085 

29-529 

28-416 

27-304 

26-192 

375 

33-982 

33-366 

32749 

31-515 

30-281 

29-048 

4- 

37-437 

36-757 

36-078 

34-719 

33-360 

32-000 

4-25 

41-001 

40-256 

39-512 

38-024 

36-535 

35-047 

4-5 

44-671 

43-860 

43-049 

41-427 

39-806 

38-184 

475 

48-445 

47-565 

46-686 

44-927 

43-169 

41-410 

5' 

52-319 

51-369 

50-420 

48-520 

46-621 

44-722 

5-25 

56-292 

55-270 

54-248 

52-205 

50-161 

48-117 

5'5 

60-360 

59-264 

58-169 

55-977 

53786 

51-595 

575 

64-522 

63-351 

62-180 

59-837 

57-495 

55-153 

6" 

68776 

67-527 

66-279 

63-782 

61-285 

58788 

6-25 

73-118 

71-791 

70-464 

67-809 

65-155 

62-500 

6-5 

77-549 

76-142 

74-734 

71-919 

69-103 

66-288 

675 

82-066 

80-576 

79-086 

76-107 

73-128 

70-149 

7' 

86-667 

85-094 

83-521 

80-374 

77-228 

74-082 

7-25 

91-351 

89-693 

88-034 

84-718 

81-402 

78-085 

7-5 

96-116 

94-372 

92-627 

89-138 

85-648 

82-159 

775 

100-962 

99-129 

97-297 

93-631 

89-966 

86-301 

8- 

105-887 

103-965 

102-043 

98-199 

94-355 

90-511 

8-25 

110-889 

108-876 

106-863 

102-837 

98-812 

94786 

8-5 

115-967 

113-862 

111-757 

107-547 

103-337 

99-127 

875 

121-121 

118-922 

116723 

112-326 

107-929 

103-532 

9- 

126-349 

124-055 

121762 

117-175 

112-588 

108-001 

9-25 

131-649 

129-259 

126-870 

122-090 

117-311 

112-532 

9-5 

137-023 

134-535 

132-048 

127-074 

122-100 

117-125 

975 

142-467 

139-881 

137-294 

132-122 

126-950 

121-778 

10- 

147-991 

145-295 

142-609 

137-237 

131-864 

126-492 

See  pp.  114  to  133. 
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THE  DISCHARGE  OF   WATER  FROM 


TABLE  VI. — The  Discharge  over  Weirs  or  Notches  of  one  foot  in  length  in  Cubic 
feet  per  minute. — Depths  10'25  inches  to  32  inches.  LESSER  COEFFICIENTS 
•606  to  '518.— The  Formula;  at  the  head*  cf  the  Columns  gire  the  Value  of  the 
Discharge,  D,  in  Cubic  feet  per  minute,  vthen  I,  the  length  of  the  Weir,  is  taken 
in  feet,  and  the  head,  h,  in  inches.  For  I  */ hs  we  may  substitute  I  h  *>  h,  retaining 
the  same  standards. 


Heads 

in 
inches. 

Coefficient 
•600. 
D  = 
4  68  1  vV. 

Coefficient 
•595. 
D  = 
4'59  I  ^h3. 

Coefficient 
•584. 
D  = 
4-51  I  'S/i3. 

Coefficient 
•562. 
D  = 
4-34  I  ^h\ 

Coefficient 
•540. 
D  = 

4'1~  l^h3. 

Coefficient 
•518. 
D  = 
4  I  </h*. 

10-25 

153-565 

150-777 

147-990 

142-415 

136-840 

131-265 

10-5 

159-217 

156-327 

153-437 

147-657 

141-876 

136-096 

1075 

164-937 

161-943 

158-949 

152-961 

146-974 

140-986 

11- 

170-724 

167-625 

164-526 

158-328 

152-130 

145-933 

11-25 

176-577 

173-372 

170-167 

163-756 

157-346 

150-936 

11-5 

182-496 

179-183 

175-870 

169-245 

162-620 

155-995 

1175 

188-479 

185-059 

181-636 

174-794 

167-952 

161-109 

12- 

194-526 

190-995 

187-464 

180-402 

173-340 

166-278 

12-5 

206-810 

203-056 

199-302 

191-794 

184-286 

176-778 

13- 

219-342 

215-360 

211-379 

203-415 

195-453 

187-490 

13-5 

232-117 

227-903 

223-690 

215-263 

206-837 

198-410 

14- 

245-131 

240-682 

236-232 

227-333 

218-434 

209-535 

14-5 

258-379 

253-689 

248-999 

239-619 

230-239 

15- 

271-858 

266-924 

261-989 

252-119 

242-250 

232-380 

15-5 

285-564 

280-381 

275-197 

264-830 

254-463 

244-096 

16- 

299-492 

294-056 

288-620 

277747 

266-875 

256-001 

16-5 

313-640 

307-947 

302-253 

290-868 

279-481 

268-095 

17- 

328-004 

322-050 

316-096 

304-189 

292-281 

280-373 

17-5 

342-581 

336-362 

330-144 

317707 

305-270 

292-833 

18- 

357-367 

350-880 

344-394 

331-420 

318-446 

305-472 

18-5 

372-352 

365-594 

358-835 

345-317 

331-799 

318-241 

19- 

387-557 

380-522 

373-487 

359-418 

345-348 

331  -278 

19-5 

402-956 

395-642 

388-327 

373-699 

359-070 

344-441 

20- 

418-553 

410-959 

403-358 

388-163 

372-968 

357773 

20-5 

434-343 

426-458 

418-574 

402-806 

387-038 

371-270 

21- 

450-334 

442-159 

433-985 

417-636 

401-288 

384-939 

21-5 

466-513 

458-045 

449-577 

432-641 

415-704 

398768 

22- 

482-880 

474-115 

465-350 

447-819 

430-289 

412-759 

22-5 

499-436 

490-370 

481-304 

463-173 

146-042 

426-910 

23' 

517-176 

506-806 

497-437 

478-698 

459-959 

441-219 

23-5 

533-098 

523-421 

513-745 

494-391 

475-038 

455-685 

24- 

550-203 

540-215 

530-228 

510-254 

490-280 

470-305 

25- 

584-943 

574-326 

563-708 

542-472 

521-287 

500-001 

26- 

620-391 

609-130 

597-869 

575-346 

552-824 

530-301 

27' 

656-525 

644-608 

632-691 

608-857 

585-023 

561-188 

28- 

693-334 

680749 

668-164 

642-993 

617-823 

29- 

730-806 

717-540 

704-275 

677744 

651-213 

624-682 

30- 

768-932 

754-974 

741-017 

713-102 

685-187 

657*878 

31- 

807-697 

793-036 

778-374 

749-052 

890-407 

32- 

847-092 

831716 

816-340 

785-587 

754-835 

See  pp.  114  to  133. 
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TABLE  VI. — The  Discharge  orer  Weirs  or  Notches  of  one  foot  in  length,  in  Cubic 
feet  per  minute. — Depths  33  inches  to  72  inches.  LESSER  COEFFICIENTS 
'606  to  '518. — The  Formula  at  the  heads  of  the  Columns  give  the  Value  of 
the  Discharge,  D,  in  Cubic  feet  per  minute,  when  7,  the  length  of  the  Weir,  is 
taken  in  feet,  and  the  head,  h,  in  inches.  For  I  ^h3  ice  may  substitute  I  h  **  h, 
retaining  the  same  standards. 


Heads 
in 

inches. 

Coefficient 
•606. 
D  = 
4'6S  I  V#». 

Coefficient 
•595. 
D  = 
4-59  I  */h3. 

Coefficient 
•584. 
D  = 
4-51  I  */h*- 

Coefficient 
•562. 
D  = 
4-34ZVV. 

Coefficient 
•540. 
D  = 
4-17  I  Vfcs. 

Coefficient 
•518 
D  = 
4  1  <Sh3. 

33- 

887-108 

871  -006 

854-903 

822-698 

790-493 

758-287 

34- 

927736 

910-896 

894-056 

860-375 

826-695 

793-015 

35- 

968-964 

951-376 

933787 

898-610 

863-434 

828-257 

36- 

1010786 

992-439 

974-091 

937-396 

900701 

864-005 

37- 

1053-193 

1034-076 

1014-959 

976724 

938-489 

900-254 

38" 

1096-178 

1076-281 

1056-383 

1016-588 

976793 

936-997 

39- 

1139732 

1119-044 

1098-356 

1056-979 

1015-603 

974-226 

40- 

1183-848 

1162-359 

1140-870 

1097-892 

1054-914 

1011-936 

41- 

1228-518 

1206-219 

1183-919 

1139-319 

1094719 

1050-120 

42- 

1273-737 

1250-616 

1227-496 

1181-254 

1135-013 

1088772 

43- 

1319-497 

1295-545 

1271-594 

1223-691 

1175-789 

1127-886 

44- 

1365792 

1341-001 

1316-209 

1266-626 

1217-043 

1167-460 

45- 

1412-618 

1386-976 

1361-334 

1310-051 

1258768 

1207-485 

46- 

1459-965 

1433-464 

1406-963 

1353-961 

1300-959 

1247-957 

47' 

1507-831 

1480-461 

1453-091 

1398-352 

1343-612 

1288-872 

48- 

1556-208 

1527-960 

1499712 

1443-216 

1386-720 

1330-224 

49- 

1605-092 

1575-956 

1546-821 

1488-550 

1430-280 

1372-009 

50- 

1654-477 

1624-445 

1594-413 

1534-350 

1474-286 

1414-223 

51' 

1704-359 

1673-422 

1642-485 

1580-610 

1518736 

1456-862 

52- 

1754732 

1722-880 

1691-029 

1627-326 

1563-622 

1499-919 

53- 

1805-592 

1772-817 

1740-043 

1674-493 

1608-944 

1543-394 

54- 

1856-937 

1823-231 

1789-524 

1722-110 

1654-697 

1587-283 

55' 

1908751 

1874-104 

1839-457 

1770-162 

1700-868 

1631-573 

56- 

1961-046 

1925-450 

1889-853 

1818-660 

1747-467 

1676-274 

57- 

2013-809 

1977-255 

1940-700 

1867-592 

1794-483 

1721-375 

58- 

2067-033 

2029-513 

1991-992 

1916-952 

1841-911 

1766-870 

59- 

2120722 

2082-227 

2043733 

1966743 

1889753 

1812763 

60- 

2174-867 

2135-389 

2095-911 

2016-956 

1938-000 

1859-045 

61- 

2229-464 

2188-995 

2148-527 

2067-589 

1986-651 

1905714 

62- 

2284-514 

2243-046 

2201-578 

2118-642 

2035-706 

1952-769 

63- 

2340-004 

2297-529 

2255-054 

2170-103  2085-152 

2000-202 

64- 

2395-939 

2352-448 

2308-957 

2221-976 

2134-995 

2048-013 

65- 

2452-312 

2407-798 

2363-284 

2274-257 

2185-229 

2096-201 

66- 

2509122 

2463-577 

2418-032 

2326-941 

2235-851 

2144761 

67' 

2566-363 

2519779 

2473-194 

2380-026 

2286-858 

2193-690 

68- 

2624-032 

2576-401 

2528770 

2433-508 

2338-246 

2242-986 

69- 

2682-128 

2633-443 

2584757 

2487-386 

2390-015 

2292-644 

70- 

2740-645 

2690-897 

2641-149 

2541-654 

2442-159 

2342-663 

71- 

2799-583 

2748766 

2697-948 

2596-313 

2494-678 

2393-043 

72- 

2858-937 

2807-042 

2755-147 

2651-358 

2547-568 

2443-778 

See  pp.  114  to  133. 
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TABLE  TIL — For  finding  the  Mean  Velocity  from  the  3faximum  Velocity  at  th' 
Surface,  in  Mill  Sacei,  Streams,  and  Hirers  icitk  uniform  Channel*;  and  the 
Maximum  Velocity  from  the  Mean  Velocity. 

For  the  Velocity  in  feet  per  minute,  multiply  by  5. 


Maximum  velocity 
at  the  surface  in 
inches  per  second. 

Mean  velocity  in 
lur^o  channels  in 
inches  per  second. 

Mean  velocity  in 
smaller  channels  in 
inches  per  second. 

Maximum  velocity 
at  the  surface  in 
inches  per  second. 

Mean  velocity  in 
large  channels  in 
inches  per  second. 

Mean  velocity  in 
smaller  channels  in 
inches  per  second. 

Maximum  velocity 
at  the  surface  in 
inches  per  second. 

u  velocity  in 
large  rhamirls  in 
inches  per  second. 

Moan  velocity  in 
smaller  channels  in 
inches  per  second. 

1 

•84 

•75 

41 

34-24 

33-37 

81 

67-64 

68-86 

2 

1-67 

1-51 

42 

35-07 

34-23 

82 

68-47 

6977 

3 

2-51 

2-27 

43 

35-91 

35-09 

83 

69-31 

70-68 

4 

3-34 

3-04 

44 

36-74 

35-95 

84 

70-14 

71-59 

5 

4-18 

3-81 

45 

37-58 

36-82 

85 

70-98 

72-50 

6 

5-01 

4-58 

46 

38-41 

37-69 

86 

71-81 

78-42 

7 

5^-85 

5-36 

47 

39-25 

38-56 

87 

8 

6-68 

6-14 

48 

40-08 

39-43 

88 

73-48 

9 

7-52 

6-92 

49 

40-92 

40-30 

89 

76-16 

10 

8-35 

7-71 

50 

41-75 

41-17 

90 

76-15 

77-08 

11 

9-19 

8-50 

51 

42-59 

42-05 

91 

75-99 

77-!".' 

12 

10-02 

9-29 

52 

43-42 

42-92 

92 

76-82 

13 

10-86 

10-09 

53 

44-26 

43-80 

93 

77-66 

79-83 

14 

11-69 

10-88 

54 

45-09 

44-68 

94 

78-49 

15 

12-53 

11-69 

55 

45-93 

45-56 

95 

79-33 

81-67 

16 

13-36 

12-49 

56 

4676 

46-44 

96 

80-16 

82-59 

17 

14-20 

13-30 

57 

47-60 

47-32 

97 

81-00 

83-51 

18 

15-03 

14-11 

58 

48-43 

48-21 

98 

81  'S3 

19 

15-87 

14-92 

59 

49-27 

49-09 

99 

82-67 

85-36 

20 

1670 

1573 

60 

50-10 

49-98 

100 

83-50 

86-28 

21 

17-54 

16-55 

61 

50-94 

50-87 

101 

22 

18-37 

17-37 

62 

5177 

51-76 

102 

85-17 

88-13 

23 

19-21 

18-19 

63 

52-61 

52-65 

103 

86-01 

89-06 

24 

20-04 

19-02 

64 

53-44 

53-54 

104 

86-84 

89-98 

25 

20-88 

19-85 

65 

54-28 

54-43 

105 

87-68 

90-91 

26 

21-71 

20-68 

66 

55-11 

55-33 

106 

88-51 

27 

22-55 

21-51 

67 

55-95 

56-22 

107 

89-35 

9277 

28 

23-38 

22-34 

68 

56-78 

57-12 

108 

90-18 

29 

24-22 

23-18 

69 

57-62 

58-02 

109 

91-02 

30 

25-05 

24-02 

70 

58-45 

58-91 

110 

31 

25-89 

71 

69-29 

69-81 

111 

92-69 

32 

26-72 

2570 

72 

60-12 

6071 

112 

33 

27-56 

26-54 

73 

60  -96 

61-61 

113 

94-36 

34 

28-39 

27-39 

74 

C.l  7!» 

62-52 

114 

95-19 

35 

29-23 

28-24 

75 

62-63 

63-42 

115 

96-08 

100-21 

36 

30-06 

29-09 

76 

63-46 

64-32 

116 

96-86 

101-15 

37 

30-90 

29-94 

77 

<;4-:'>o 

65-23 

117 

9770 

38 

31-73 

8079 

78 

65-13 

6613 

118 

98-53 

108-02 

39 

82-57 

31-65 

79 

65-97 

no 

40 

33-40 

32-51 

80 

66-80 

67-95 

120 

100-20 

See  pp.  1S8  to  191. 
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TABLE  VIII.— For  finding  the  3fean  Velocities  of  Water  flowing  in  Pipes,  Drain*, 
Streams,  and  Rivers. — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

Diameters  of  pipes  J  inch  to  2  inches.    Falls  per  mile  1  inch  to  \2feet. 


Falls  per  mile  in  feet  and 
inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations 
one  in 

to  inch. 

g  inch. 

J  inch. 

f  inch. 

iinch. 

F.     I. 

0     1 

63360 

•14 

•24 

•38 

•49 

•57 

0    2 

31680 

•22 

•37 

•59 

•76 

•90 

0    3 

21120 

•28 

•48 

•75 

•97 

1-15 

0    4 

15840 

•34 

•57 

•89 

1-15 

1-36 

0    5 

12672 

•38 

•65 

1-02 

1-30 

1-55 

0    6 

10560 

•42 

•72 

1-13 

1-45 

1-72 

0    7 

9051 

•46 

•78 

1-24 

1-58 

1-88 

0    8 

7920 

•50 

•85 

1-33 

1-71 

2-02 

0    9 

7040 

•53 

•90 

1-43 

1-83 

2-16 

0  10 

6336 

•57 

•96 

1-51 

1-94 

2-30 

0  11 

5760 

•60 

1-01 

1-60 

1-96 

2-42 

1     0 

5280 

•63 

1-06 

1-68 

2-15 

2-54 

1     3 

4224 

•71 

1-20 

1-90 

2-43 

2-88 

1     6 

3520 

•79 

1-33 

2-10 

2-69 

3-19 

1     9 

3017 

•87 

1-45 

2-29 

2-94 

3-48 

2    0 

2640 

•93 

1-56 

2-47 

3-16 

375 

2    3 

Interpolated. 

•99 

1-67 

2-63 

3-37 

3-99 

2    6 

2112 

1-05 

1-77 

279 

3-58 

4-24 

2    9 

Interpolated. 

1-11 

1-87 

2-94 

3-77 

4-47 

3    0 

1760 

1-16 

1-96 

3-09 

3-96 

4-69 

3    3 

Interpolated. 

1-21 

2-05 

3-23 

4-14 

4-91 

3    6 

1508 

1-26 

2-14 

3-37 

4-32 

5-12 

3    9 

Interpolated. 

1-31 

2-22 

3-50 

4-48 

5-31 

4    0 

1320 

1-36 

2-30 

3-63 

4-65 

5-51 

4    6 

Interpolated. 

1--45 

2-45 

3-87 

4-96 

5-88 

5    0 

1056 

1-54 

2-61 

4-11 

5-27 

6-24 

5    6 

Interpolated. 

1-62 

2-75 

4-33 

5-55 

6-58 

6    0 

880 

171 

2-89 

4-55 

5-83 

6'91 

6    6 

Interpolated. 

178 

3-02 

476 

6-10 

7-22 

7    0 

754 

1-86 

3-15 

4-97 

6-36 

7-54 

7    6 

Interpolated. 

1-93 

3-27 

5-16 

6-61 

7-83 

8    0 

660 

2-01 

3-39 

5-35 

6'86 

8-12 

8    6 

Interpolated. 

2-07 

3-51 

5-53 

7-09 

8-40 

9    0 

587 

2-14 

3-62 

572 

7'32 

8  '68 

9    6 

Interpolated. 

2-20 

374 

5-89 

7-55 

8-94 

10    0 

528 

2-28 

3-85 

6-07 

777 

9-21 

10    6 

Interpolated. 

2-33 

3-95 

6-24 

7-99 

9-47 

11    0 

480 

2-40 

4-06 

6'40 

8'20 

9-72 

11     6 

Interpolated. 

2-46 

4-16 

6-57 

8-41 

9-97 

12    0 

440 

2-52 

4-27 

673 

8-62 

10'21 

Sec  p.  208. 
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THE  DISCHARGE  OF   WATER  FROM 


TABLE  rill.— For  finding  Vie  Mean  Velocities  of  Water  fiotciny  in  Piper,  Drnint, 
Streams,  and  Rivers. — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

Diameters  of  pipes  \  inch  to  2  inches.     Falli  per  mile  IS  feet  to  5280  feet. 


Falls  per  mile  in  feet,  and  the 
hydraulic  inclination. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  velocities  in  inches  i  er  second. 

Falls. 

Inclinations 
one  in 

i^  inch. 

|  inch. 

\  inch. 

1  inch. 

iinch. 

F. 

13-2 

400 

2-66 

4-50 

7-10 

9-10 

1078 

13-6 

Interpolated. 

2-71 

4-59 

7-24 

9-27 

10-98 

14-1 

375 

276 

4-67 

7-37 

9-44 

11-18 

14-6 

Interpolated. 

2-82 

476 

7-52 

9-63 

11-41 

15-1 

350 

2-87 

4-85 

7-66 

9-82 

11-63 

15-6 

Interpolated. 

2-94 

4-96 

7-83 

10-03 

11-88 

16-2 

325 

3-00 

5-07 

7-99 

10-24 

12-18 

17-6 

300 

3-14 

5-30 

8-37 

10-72 

1271 

19-2 

275 

3-30 

5-58 

8-80 

11-27 

13-35 

21-1 

250 

3-48 

5-89 

9-39 

11-90 

14-10 

23-5 

225 

370 

6-26 

9-87 

12-65 

14-99 

26-4 

200 

3-96 

670 

10-57 

13-54 

16-0 

30-2 

175 

4-28 

7-24 

11-42 

14-63 

17-33 

35-2 

150 

4-68 

7-92 

12-49 

16-00 

18-96 

377 

140 

4-88 

8-24 

13-00 

16-66 

19-74 

42-2 

125 

5-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

5-62 

9-50 

14-98 

19-19 

2274 

52-8 

100 

5-94 

10-05 

15-85 

20-30 

24-06 

587 

90 

6-33 

10-69 

16-87 

21-61 

66- 

80 

678 

11-47 

18-10 

23-17 

75-4 

70 

7-35 

12-42 

19-59 

25-09 

88- 

60 

8-05 

13-61 

21-48 

27-51 

32-60 

105-6 

50 

8-99 

15-19 

23-96 

30-69 

117-3 

45 

9-57 

16-18 

25-53 

3270 

132-0 

40 

10-28 

17-37 

27-41 

35-11 

41-60 

150-8 

35 

11-14 

18-84 

29-71 

38-06 

4610 

176- 

30 

12-23 

20-68 

32-62 

4178 

49-61 

212-2 

25 

13-66 

23-09 

36-43 

46-67 

264. 

20 

15-64 

26-44 

41-71 

352- 

15 

18-61 

31-46 

49-63 

63-57 

528- 

10 

23-73 

40-11 

63-28 

81-06 

586-7 

9 

25-26 

42-70 

67-37 

86-29 

660- 

8 

27-08 

45-78 

72-22 

92-51 

109-61 

754-3 

7 

29-29 

49-51 

78-10 

100  -M 

880-0 

6 

32-05 

54-15 

85-43 

109-43 

1056- 

5 

35-08 

60-15 

94-89 

121-54 

1320- 

4 

40-40 

68-29 

10773 

1760- 

3 

47-48 

80-2.5 

126-61 

162-17 

2640- 

2 

59-47 

100-53 

158-59 

208-14 

5880* 

1 

88-13 

148-97 

235-02 

301-04 

8eo  p.  208. 
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TABLE  VIII. — For  finding  the  Mean  Velocities  of  Water  flowing  in  Pipes,  Draini, 
Streams,  and  Ricerg. — Fx>r  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  meau  depth. 

Diameters  of  pipes  2$  inches  to  5  inches.     Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet  and 
inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths."  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations    I     , 
one  in          '   |  inch. 

1  inch. 

^  inch. 

linch. 

1  J  in.  in- 
terpolated. 

F.     I. 

0     1 

63360 

•65 

•73 

•79 

•85 

•96 

0     2 

31680 

1-02 

1-13 

1-23 

1-33 

1-49 

0     3 

21120 

1-30 

1-45 

1-58 

170 

1-91 

0     4 

15840 

1-54 

1-71 

1-87 

2-01 

2-26 

0     5 

12672 

176 

1-95 

2-13 

2-29 

2-58 

0    6 

10560 

1-95 

2-17 

2-36 

2-55 

2-86 

0    7 

9051 

2-13 

2-37 

2-58 

278 

3-13 

0    8 

7920 

2-30 

2-55 

278 

3-00 

3-37 

0     9 

7040 

2-46 

2.73 

2-98 

3-21 

3-61 

0  10 

6336 

2-61 

2-90 

3-16 

3-40 

3-83 

0  11 

5760 

2-76 

3-06 

3-33 

3-59 

4-04 

1     0 

5280 

2-89 

3-21 

3-50 

377 

4-24 

1     3 

4224 

3-28 

3-64 

3-97 

4-27 

4-81 

1     6 

3520 

3-63 

4-03 

4-39 

473 

5-32 

1     9 

3017 

3-96 

4.39 

4-79 

5-16 

5-80 

2     0 

2640 

4-26 

4-73 

5-16 

5-55 

6-25 

2     3 
2     6 

Interpolated. 
2112 

4-55 
4-83 

5-04 
5-35 

5-50 
5-84 

5-92 
6-29 

6-66 
7-07 

2    9 
3    0 

Interpolated. 
1760 

5-09 
5-34 

5-64 
5-92 

6-15 
6-46 

6-12 
6-96 

7-46 
7-83 

3    3 
3    6 

Interpolated. 
1508 

5-58 
5-82 

6-19 
6-46 

675 
7-04 

7-27 
7-59 

8-18 
8-53 

3    9 

4     0 

Interpolated. 
1320 

6-05 
6-27 

6-71 
6-95 

7-31 

7-58 

7-88 
8-17 

8-86 
9-19 

4     6 
5     0 

Interpolated. 
1056 

6-69 
7-10 

7-42 

7-88 

8-09 
8-59 

871 
9-25 

9'80 
10-41 

5    6 
6     0 

Interpolated. 
880 

7-48 
7-86 

8-30 
8-72 

9-05 
9-51 

976 
10-25 

10-97 
11-53 

6     6 

7    0 

Interpolated. 
754 

8-22 
8-57 

9-12 
9-51 

9.94 
10-37 

1071 
11-17 

12-05 
12-57 

7    6 
8    0 

Interpolated. 
660 

8-92 
9-24 

9-89 
10-25 

10-78 
11-18 

11-62 
12-04 

13-06 
13-54 

8     6 
9     0 

Interpolated. 
587 

9-55 
9-87 

10-60 
10-95 

11-56 
11-94 

12-45 
12-86 

14-01 
14-47 

9    6 

10    0 

Interpolated. 
528 

10-18 
10-48 

11-28 
11-62 

12-31 
12-67 

13-26 
13-65 

14.91 
15-36 

10     6 
11     0 

Interpolated. 
480 

10-77 
11-06 

11-95 
12-27 

13-03 
13-38 

14-03 
14-41 

15-78 
16-21 

11     6 
12     0 

Interpolated. 
440 

11-34 
11-62 

12-58 
12-89 

13-72 
14-05 

14-82 
15-22 

16-64 
17-07 
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THE  DISCHARGE  OF    WATER  FROM 


TABLE  rill.— For  finding  the  Mean  TeJm-i/i/  nf  lf',ifrr  Jlmring  in  Pipes,  Ttr 
Stream*,  and  Hirers.— For  a  full  cylindrical  pipe,  diTide  the  diameter  b^ 
find  the  hydraulic  mean  depth. 

Diameters  of  pipes  2^  inches  to  5  inches.     Fall*  per  mile  13  feet  to  52SO  fee  t. 


Palls  per  mile  in  feet  and 
inches,  and  the 
hydraulic  inclinations. 

"Hydraulic  mean  depths,"  or  "mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations 
one  in 

|  inch. 

finch. 

|  inch. 

1  inch. 

1  1  in.  in- 
terpolate( 

F. 

13-2 

400 

12-26 

13-60 

14-83 

15-98 

17-98 

13-6 

Interpolated 

12-49 

13-86 

15-11 

16-28 

18-31 

141 

375 

1272 

14-11 

15-39 

16-58 

18-65 

14-6 

Interpolated 

12-98 

14-39 

15-70 

16-91 

19-02 

15-1 

350 

13-23 

14-68 

16-00 

17-24 

19-40 

15-6 

Interpolated 

13-52 

14-99 

16-35 

17-62 

19-81 

16-2 

325 

13-80 

15-31 

1679 

17-99 

20-23 

17-6 

300 

14-45 

16-02 

17-48 

18-83 

21-18 

19-2 

275 

15-19 

16-85 

18-37 

1979 

22-26 

21-1 

250 

16-04 

17-80 

19-40 

20-91 

23-52 

23-5 

225 

17-05 

18-91 

20-62 

22-21 

24-99 

26-4 

200 

18-25 

20-24 

22-07 

23-78 

26-75 

30-2 

175 

1971 

21-87 

23-85 

25-69 

28-90 

35-2 

150 

21-57 

23-92 

26-09 

28-11 

31-62 

377 

140 

22-45 

24-91 

27-16 

29-26 

32-92 

42-2 

125 

23-99 

26-62 

29-03 

31-27 

35-18 

48- 

110 

25-87 

28-69 

31-29 

33-71 

37-92 

52-8 

100 

27-36 

30-35 

33-10 

35-66 

40-11 

587 

90 

29-12 

32-31 

35-23 

37-96 

42-69 

66- 

80 

31-23 

34-64 

3778 

40-70 

4579 

75-4 

70 

33-82 

37-51 

40-91 

44-07 

49-58 

88-0 

60 

37-08 

41-13 

44-86 

48-33 

54-36 

105-6 

50 

41-37 

4578 

50-04 

53-91 

60-65 

117-3 

45 

44-08 

48-89 

53-32 

57-44 

84-82 

132- 

40 

47-32 

52-49 

57-25 

61-67 

69-87 

150-8 

35 

51-30 

56-90 

62-06 

66-86 

76-20 

176- 

30 

56-32 

62-47 

68-13 

73-40 

82-56 

211-2 

25 

62-90 

69-77 

76-09 

81-97 

92-21 

264- 

20 

72-01 

79-87 

87-11 

93-84 

105-56 

352- 

15 

85-68 

95-05 

103-66 

111-67 

125-61 

528- 

10 

109-26 

121-19 

132-17 

142-39 

160-17 

586-7 

9 

116-31 

129-01 

1  1070 

151-58 

170-50 

660- 

8 

124-68 

138-30 

150-83 

162-49 

182-78 

754-3 

7 

134-84 

149-57 

163-12 

175-73 

197-67 

880- 

6 

147-69 

163-60 

178-42 

192-22 

216-22 

De- 

5 

163-82 

181-71 

198-17 

213-50 

240-15 

lano- 

4 

185-99 

206-31 

225-00 

242-39 

272-66 

1760- 

3 

218-58 

242-46 

264-42 

284-86 

320-48 

2640- 

2 

273-79 

303-70 

331-22 

356-82 

5280- 

1 

40574 

460-07 

490-84 

52876 

594-82 
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TiSLE  nil. — For  folding  the  Mean  Velocities  of  Waterjtowing  in  Pipes,  Drain*, 
Streams,  and  Rivers. — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth.  OPEN  DRAINS  AND  PIPES. — Diameters  of  pipe* 
6  inches  to  12  inches.  Falls  per  mile  1  inch,  to  12  feet. 


Falls  per  mile  in  feet  and 
inches,  and  the 
hydraulic  inclinations. 

"Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  seconc  . 

Falls. 

Inclinations 
one  in 

1^  inch. 

l£  in.  in- 
terpolated. 

2  inches. 

2^  inches 

3  inches. 

F.      I. 

0      1 

63360 

1-07 

1-15 

1-24 

1-40 

1-55 

0     2 

31680 

1-66 

1-80 

1-94 

2-19 

2-41 

0    3 

21120 

2-12 

2-30 

2-48 

2-80 

3-08 

0     4 

15840 

2-52 

273 

2-94 

3-34 

3-65 

0     5 

12672 

2-86 

3-11 

3-35 

3-77 

4-16 

0    6 

10560 

318 

3-45 

372 

4-19 

4-62 

0     7 

9051 

3-47 

377 

4-06 

4-58 

5-04 

0     8 

7920 

375 

4-06 

4-38 

4-94 

5-44 

0    9 

7040 

4-01 

4-34 

4-68 

5-28 

5-81 

0  10 

6336 

4-25 

4-61 

4-97 

5-60 

6-17 

0  11 

5760 

4-49 

4-86 

5-24 

5-91 

6-51 

1     0 

5280 

4-71 

5-11 

5-51 

6-21 

6-84 

1     3 

4224 

5-34 

579 

6-24 

7-03 

7-75 

1     6 

3520 

5-91 

6-41 

6-91 

779 

8-58 

1     9 

3017 

6-44 

6-99 

7-53 

8-49 

9-35 

2    0 

2640 

6-94 

7-53 

811 

9-14 

10-07 

2    3 

Interpolated. 

7-40 

8-03 

8-65 

974 

10-74 

2    6 

2112 

7-86 

8-52 

9-18 

10-35 

11-40 

2    9 

Interpolated. 

8-28 

8-98 

9-67 

10-90 

12-01 

3    0 

1760 

870 

9-43 

10-16 

11-45 

12-62 

3     3 

Interpolated. 

9-09 

9-85 

10-62 

11-97 

13-19 

3    6 

1508 

9-48 

10-28 

11-08 

12-48 

1376 

3    9 

Interpolated. 

9-84 

10-67 

11-50 

12-96 

14-29 

4    0 

1320 

10-21 

11-07 

11-93 

13-44 

14-81 

4    6 

Interpolated. 

10-89 

11-80 

1272 

14-34 

15-80 

5    0 

1056 

11-56 

12-54 

13-51 

15-23 

16-78 

5    6 

Interpolated. 

12-18 

13-21 

14-24 

16-04 

17-68 

6     0 

880 

12-80 

13-88 

14-96 

16-86 

18-58 

6    6 

Interpolated. 

13-38 

14-51 

15-64 

17-62 

19-42 

7    0 

754 

13-96 

15-14 

16-32 

18-39 

20-26 

7    6 

Interpolated. 

14-51 

1573 

16-95 

19-10 

21-05 

8    0 

660 

15-05 

16-32 

17-58 

19-82 

21-84 

8    6 

Interpolated. 

15-56 

16-87 

18-18 

20-49 

22-58 

9    0 

587 

16-07 

17-43 

1878 

21-17 

23-32 

9    6 

Interpolated. 

16.57 

17-97 

19  '36 

21-82 

24-04 

10    0 

528 

17-06 

18-50 

19-94 

22-47 

24-76 

10    6 

Interpolated. 

17-54 

19-01 

20-49 

23-09 

25-45 

11     0 

480 

18-01 

19-53 

21-04 

23-72 

26-13 

11     6 

Interpolated. 

18-47 

20-02 

21-57 

24-32 

2679 

12    0 

440 

18-92 

20-51 

2211 

24-91 

27-45 
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TABLE  VIII. — For  finding  the  Mean  Velocities  of  Water  flowing  in  Pipes,  Drain*. 
Streams,  and  Ewers.— for  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diameters  of  pipes  6  inches  to  14  inches.     Falls  per  mile  13  feet  to  H'2SOfeet. 


Falls  per  mile  in  feet,  and 
the  hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  -velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

1  finches 

2  inches. 

2  \  inches 

3  inches. 

3  o  inches 

F. 

13-2 

400 

19-97 

23-34 

26-30 

28-98 

31-44 

13-6 

20-34 

23-77 

2679 

29-52 

32-03 

14-1 

375 

2072 

24-21 

27-28 

30-06 

32-62 

14-6 

21-13 

24-69 

27-83 

30-67 

33-27 

15-1 

350 

21-55 

25-18 

28-38 

31-27 

33-93 

15-6 

22-01 

2572 

28-99 

31-94 

34-66 

16-2 

325 

22-48 

26-27 

29-60 

32-62 

35-39 

17-6 

300 

23-53 

27-50 

30-99 

34-15 

87-05 

19-2 

275 

2474 

28-90 

32-57 

35-89 

38-94 

21-1 

250 

26-13 

30-53 

34-41 

37-91 

41-14 

23-5 

225 

2776 

32-44 

36-56 

40-28 

43-71 

26-4 

200 

2972 

34-7-2 

39-13 

43-12 

46-79 

30-2 

175 

32-11 

37-52 

42-28 

35-2 

150 

35-13 

41-04 

46-26 

50-97 

55-30 

377 

140 

36-57 

42-73 

48-16 

53-07 

57-58 

42-2 

125 

39-08 

45-66 

51-46 

56-71 

61-53 

48- 

110 

42-13 

49-23 

55-48 

61-13 

66-33 

52-8 

100 

44-57 

52-07 

58-69 

64-67 

7o-i7 

587 

90 

47-43 

55-42 

62-46 

68-83 

66- 

80 

50-87 

59-44 

66-99 

73-81 

80-09 

75-4 

70 

55-08 

64-36 

7  -2  '.10 

70-92 

88- 

60 

60-39 

70-57 

79-53 

87-63 

95-09 

105-6 

50 

67-38 

7873 

8873 

'.'777 

106-08 

117-3 

45 

7179 

83-88 

94-54 

104-17 

113-03 

132- 

40 

77-07 

90-06 

101-50 

118-84 

121-85 

150-8 

35 

83-55 

97-63 

110-03 

121-24 

131-55 

176' 

30 

9172 

107-18 

120-79 

133-10 

144-41 

211-2 

25 

102-44 

119-70 

134-90 

148-65 

161-29 

264- 

20 

117-28 

137-03 

154-44 

170-18 

184-65 

852' 

15 

139-56 

163-06 

183-78 

202-50 

•21!»72 

528- 

10 

177-95 

207-92 

234-33 

258-21 

'280-16 

5867 

9 

189-43 

221  -34 

274-87 

660- 

a 

203-07 

237-28 

267-42 

294-67 

81972 

754-3 

7 

218-81 

256-61 

289-20 

818-67 

S4577 

880- 

6 

240-22 

281-36 

316-33 

348-57 

1056- 

5 

266-81 

31176 

351-35 

420-07 

1320- 

4 

302-92 

398-91 

1760- 

3 

356-00 

415-96 

468-80 

516-57 

2640' 

2 

445-93 

:V21  '(I  I 

587-22 

647-06 

702-08 

5280- 

1 

660-84 

772-16 

870-23' 

958-91 

1040-44 
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TABLE  VIII. — For  finding  the  Mean  Velocitie*  of  Water  flaming  in  Pipei,  Draini, 
Streams,  and  Elvers.— For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diameters  of  pipes  14  inches  to  22  inches.     Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet  and 
inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

Scinches 

4  inches. 

4J  inches 

5  inches. 

5  finches 

F.      I. 

0     1 

63360 

1-68 

1-80 

1-91 

2-02 

213 

0     2 

31680 

2-61 

2-81 

2-98 

3-15 

3-32 

0     3 

21120 

3-34 

3-59 

3-82 

4-03 

4-24 

0     4 

15840 

3-96 

4-25 

4-52 

478 

5-02 

0    5 

12672 

4-51 

4-84 

5-15 

5-44 

5-72 

0    6 

10560 

5-01 

5-37 

572 

6-04 

6-35 

0    7 

9051 

5-47 

5-87 

6-24 

6-60 

6-94 

0    8 

7920 

5-90 

6-33 

6-74 

7-12 

7-48 

0    9 

7040 

6-31 

6-77 

7-20 

7-61 

8-00 

0  10 

6336 

6-70 

7-18 

7-64 

8-08 

8-49 

0  11 

5760 

7-06 

7-58 

8-06 

8-52 

8-96 

1     0 

5280 

7-42 

7-96 

8-47 

8-95 

9-41 

1     3 

4224 

8-41 

9-02 

9-60 

10-14 

10-66 

1     6 

3520 

9-31 

9-99 

10-63 

11-23 

11-80 

1     9 

3017 

10-15 

10-89 

11-58 

12-24 

12-86 

2     0 

2640 

10-93 

11-73 

12-47 

13-18 

13-86 

2     3 

Interpolated. 

11-65 

12.50 

13-30 

14-05 

14-77 

2    6 

2112 

12-37 

13-28 

14-12 

14-93 

15-69 

2    9 

Interpolated. 

13-03 

13-68 

14-88 

15-72 

16-53 

3    0 

1760 

13-69 

14-69 

15-63 

16-52 

17-36 

3    3 

Interpolated. 

14-31 

15-35 

16-33 

17-26 

18-14 

3    6 

1508 

14-92 

16-01 

17-03 

18-00 

18-92 

3    9 

Interpolated. 

15-50 

16-63 

17-69 

1870 

19-65 

4    0 

1320 

16-07 

17-25 

18-35 

19-39 

20-38 

4    6 

Interpolated. 

17-14 

18-39 

19-56 

20-68 

21-73 

5     0 

1056 

18-21 

19-53 

2078 

21-96 

23-08 

5    6 

Interpolated. 

19-18 

20-58 

21-90 

23-14 

24-32 

6     0 

880 

20-16 

21-63 

23-01 

24-32 

25-56 

6     6 

Interpolated. 

21-07 

22-61 

24-05 

25-42 

26-72 

7    0 

754 

21-98 

23-59 

25-09 

26-52 

27-87 

7    6 

Interpolated. 

22-84 

24-50 

26-07 

27-55 

28-96 

8     0 

660 

23-69 

25-42 

27-04 

28-58 

30-04 

8     6 

Interpolated. 

24-50 

26-29 

27-97 

29-55 

31-06 

9     0 

587 

25-31 

27-54 

28-89 

30-53 

32-09 

9    6 

Interpolated. 

26-09 

27-99 

29-78 

31-47 

33-08 

10    0 

528 

26-87 

28-83 

30-67 

32-41 

34-06 

10    6 

Interpolated. 

27-61 

29-62 

31-52 

33-31 

35-01 

11     0 

480 

28-35 

30-42 

32-37 

34-20 

35-95 

11     6 

Interpolated. 

29-07 

31-19 

33-18 

35-07 

36-86 

12    0 

440 

29-79 

31-96 

34-00 

35-93 

3777 
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TABLE  VIII. — For  finding  the  Mean  Velocitiei  of  Water  flotcing  in  Pipes,  Drain*, 
Streams,  and  Rivers. — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth . 

Diameters  of  pipes  16  inches  to  2  feet.     Falls  per  mile  13  feet  to  5280  feet. 


Falls  per  mile  in  feet 
and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  velocities  in  inches  per  second. 

Inclination, 
Falls.                one  in 

4  inches. 

4  finches 

5  inches. 

Scinches 

6  inches. 

F. 

13-2                 400 

33-74 

35-89 

37-93 

39-87 

41-72 

13'6       Interpolated. 

34-37 

36-56 

38-64 

40-61 

42-50 

14-1                 375 

35-00 

37-23 

39-35 

41-36 

43-28 

14  "6       Interpolated. 

3570 

37-98 

40-14 

42-19 

44-15 

15-1 

350 

36-40 

3873 

40-92 

43-02 

45-01 

15-6 

Interpolated. 

37-19 

39-56 

41-81 

43-94 

45-99 

16-2 

325 

37-97 

40-40 

42-69 

44-87 

46-96 

17'6 

300 

3975 

42-29 

44-69 

46-97 

49-16 

19-2 

275 

4178 

44-45 

46-97 

49-38 

51-67 

211 

250 

44-14 

46-95 

49-62 

52-16 

54-58 

23-5 

225 

46-90 

49-90 

5272 

55-42 

58-00 

26-4 

200 

50-20 

53-41 

56-44 

59-32 

62-08 

30-2 

175 

54-24 

57-71 

60-98 

64-10 

67-07 

35'2 

150 

59-34 

63-13 

66-71 

70-12 

73-37 

377 

140 

6178 

65-72 

69-45 

73-00 

76-39 

42-2 

125 

66-02 

70-23 

74-22 

78-01 

81-64 

48- 

110 

71-17 

7572 

80-01 

84-10 

88-00 

52-8 

100 

75-29 

80-09 

84-64 

88-97 

93-10 

587 

90 

80-13 

85-25 

90-08 

94*69 

99-09 

66- 

80 

85-93 

91-42 

96-61 

101-54 

106-26 

75-4 

70 

93-04 

98-98 

104-60 

109-95 

115-05 

88- 

60 

102-02 

108-54 

114-70 

120-56 

126-16 

105-6 

50 

113-82 

121-09 

127-96 

134-50 

14074 

117-3 

45 

121-27 

129-01 

136-34 

143-30 

149-96 

132- 

40 

130-20 

138-51 

146-38 

153-86 

161-00 

150-8 

35 

141-14 

15016 

158-68 

166-79 

174-53 

176- 

30 

154-95 

164-84 

174-20 

183-10 

191-61 

211-2 

25 

173-05 

184-10 

194-56 

204-50 

214-00 

264- 

20 

198-12 

21077 

22278 

234-11 

244-98 

352- 

15 

235-75 

250-80 

265-04 

278-58 

•J'.'l  ':VJ 

528- 

10 

300-60 

319-80 

337-95 

355-22 

371-71 

5867 

9 

320-00 

340-43 

359-76 

378-14 

39570 

660- 

8 

848-04 

359-65 

885-67 

405-37 

424-20 

754-3 

7 

370-99 

394-68 

417-08 

438-39 

45876 

880- 

6 

405-79 

431-70 

456-21 

479-52 

50179 

1056- 

5 

450-71 

479-49 

506-71 

532-60 

557-34 

1320- 

4 

W172 

544-39 

575-30 

604-69 

63278 

1760- 

3 

601  -38 

639-78 

676-10 

710-64 

2640- 

2 

753-29 

801-39 

846-89 

890-16 

931-50 

5280- 

1 

1116-35 

1187-62 

1255-04  1319-17 

1380-44 
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.13LJ5  VIII. — For  finding  the  Mean  Velocities  of  Water  flowing  in  Pines,  Drain*, 
Streams,  and  Ricers. — The  hydraulic  mean  depth  is  found  for  all  channels,  by 
dividing  the  wetted  perimeter  into  the  area. 
Hydraulic  mean  depths  6  inches  to  10  inches.     Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet 
and  inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Palls. 

Inclinations, 
one  in 

6  inches 

7  inches. 

8  niches. 

9  inches. 

10  inches. 

F.     I. 

0     1 

63360 

2-23 

2-41 

2-58 

275 

2-90 

0    2 

31680 

3-47 

3-76 

4-03 

4-28 

4-52 

0    3 

21120 

4-43 

4-80 

5-15 

5-47 

5-78 

0    4 

15840 

5-26 

5-69 

e-id 

6-49 

6-85 

0    5 

12672 

5-98 

6-48 

6-95 

7-39 

7-80 

0     6 

10560 

6-65 

7-20 

7-72 

8-20 

8-66 

0     7 

9051 

7'26 

7-86 

8-43 

8-96 

9-46 

0    8 

7920 

7-83 

8-48 

9-09 

9-67 

10-21 

0     9 

7040 

8-37 

9-07 

9-72 

10-33 

10-91 

0  10 

6336 

8-88 

9-63 

10-32 

10-97 

11-58 

0  11 

5760 

9-37 

10-16 

10-89 

11-57 

12-22 

1     0 

5280 

9-84 

10-67 

11-43 

12-15 

12-83 

1     3 

4224 

11-16 

12-09 

12-95 

1377 

14-54 

1     6 

3520 

12-35 

13-38 

14-34 

15-25 

16-10 

1     9 

3017 

13-46 

14-58 

15-63 

16-61 

17-54 

2    0 

2640 

14-50 

15-71 

16-84 

17-90 

18-90 

2    3 

Interpolated. 

15-45 

16-75 

18-24 

19-08 

20-15 

2    6 

2112 

16-42 

17-79 

19-64 

20-26 

21-40 

2    9 

Interpolated. 

17-29 

1874 

20-37 

21-34 

22-54 

3    0 

1760 

18-17 

19-69 

21-10 

22-42 

23-68 

3     3 

Interpolated. 

18-99 

20-57 

22-05 

23-43 

2475 

3     6 

1508 

19-80 

21-46 

23-00 

24-44 

25-81 

3     9 

Interpolated. 

20-56 

22-28 

23-88 

25-38 

26-80 

4     0 

1320 

21-33 

23-11 

24-77 

26-32 

27-80 

4     6 

Interpolated 

22-74 

24-64 

26-41 

28-07 

29-64 

5    0 

1056 

24-16 

26-17 

28-05 

29-81 

31-48 

5     6 

Interpolated. 

25-45 

27-58 

29-56 

31-42 

33-17 

6     0 

880 

2675 

28-98 

31-06 

33-02 

34-86 

6     6 

Interpolated. 

27-96 

30-29 

32-47 

34-51 

36-44 

7     0 

754 

2917 

31-60 

33-87 

36-00 

38-02 

7     6 

Interpolated. 

30-30 

32-83 

35-19 

37-40 

39-50 

8     0 

660 

31-43 

34-06 

36-50 

38-80 

40-97 

8    6 

Interpolated. 

32-51 

35-22 

37-75 

40-12 

42-37 

9     0 

587 

33-58 

36-39 

38-99 

41-45 

4377 

9    6 

Interpolated. 

34-61 

37-50 

40-20 

4272 

45-11 

10     0 

528 

35-65 

38-63 

41-40 

44-00 

46-46 

10     6 

Interpolated. 

36-63 

39-69 

42-54 

45-22 

47-75 

11     0 

480 

37-62 

4076 

43-69 

46-44 

49-03 

11     6 

Interpolated. 

38-57 

41-79 

4479 

47-61 

50-27 

12     0 

440 

39-52 

42-82 

45-90 

48-78 

51-51 

476 


THE  DISCHARGE  OF  WATER  FROM 


TABLE  nil.— For  finding  the  Mean  Velocities  of  Water  flomng  in  Pipes,  7 

!  o  hydraulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
Hydraulic  Mean  dtjifli*  11  incite*  to  -'1  incites.     Falls  per  mile  1  inch  to  1- 


Falls  per  mile  in 
and  inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,''  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

11  niches 

12  inches.  15  inches. 

L8  niches.  21  inches. 

F.     I. 

0      1 

63360 

3-05 

3-19 

3-57 

3-92 

4-25 

0      2 

31680 

4-75 

4-97 

5-57 

6-12 

6-62 

0     3 

21120 

6-07 

6-35 

7-12 

7-82 

8-46 

0     4 

15840 

7-19 

7-53 

8-44 

9-27 

10-03 

0     5 

12672 

8-19 

8-57 

9-61 

10-55 

11-42 

0     6 

10560 

9-10 

9-52 

10-67 

11-72 

0     7 

9051 

9-94 

10-39 

11-66 

12-80 

13-85 

0     8 

7920 

1072 

11-21 

12-57 

13-81 

0     9 

7041 

11-46 

11-99 

13-44 

14-76 

0  10 

6336 

1216 

1272 

14-27 

15-66 

0  11 

5760 

12-83 

13-42 

15-05 

16-53 

1     0 

5280 

13-48 

14-09 

15-81 

17-36 

1     3 

4-2-24 

15-27 

1.V97 

17-91 

19-67 

1     6 

3520 

16-91 

17-68 

19-83 

1     9 

3017 

18-23 

11)  -27 

21-62 

23-73 

2     0 

2640 

19-85 

20-76 

23-28 

25-63 

27-66 

2     3 

Interpolated. 

21-16 

22-13 

24-82 

27-29 

2     6 

2112 

22-48 

23-51 

26-36 

28-95 

31-32 

2    9 

Interpolated. 

23-68 

24-76 

27-77 

30-49 

3    0 

1760 

24-88 

26-02 

29-18 

3     3 

Interpolated. 

25-99 

27-18 

30-47 

33-48 

3    6 

1508 

27-11 

28-35 

3177 

34-92 

3    9 

In.terpo 

28-15 

29-45 

33-01 

36-26 

4    0 

1320 

29-20 

30-54 

34-25 

37-60 

4    6 

Interpolated. 

31-13 

32-56 

36-52 

40-10 

5    0 

1056 

33-07 

34-59 

38-79 

5     6 

Inter]  > 

34-85 

36-44 

40-87 

44-88 

6     0 

880 

36-62 

38-30 

42-95 

47-16 

6     6 

Interpolated. 

38-28 

40-03 

44-90 

49-30 

53-34 

7     0 

764 

39-93 

4176 

46-84 

51-43 

7    6 

Intern 

41-48 

43-39 

48-66 

53-43 

8    0 

660 

43-04 

45-01 

50-48 

8     6 

Interpolated. 

44-60 

46-54 

52-20 

57-32 

9    0 

587 

45-97 

48-08 

59-21 

64-06 

9    6 

Inter]- 

47-39 

49-56 

55-58 

61-03 

10     0 

528 

48-80 

51-04 

57-24 

62-85 

10     6 

Interpolated. 

50-15 

52-45 

58-83 

64-59 

11     0 

480 

51-51 

53-87 

60-41 

66-33 

7178 

11     6 

Interpolated. 

52-81 

61-94 

68-01 

12     0 

440 

54-11 

56-59 

63-47 

69-68 

ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 
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TABLE  VIII. — For  finding  the  Mean  Velocities  of  Water  flowing  in  Pipet,  Drains, 
Streams,  and  Rivers.  — The  hydraulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
Hydraulic  mean  depths  24  inches  to  4  feet.     Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet 
and  inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

24  inch. 

30  inches. 

36  inches. 

42  niches. 

48  inches. 

F.     I. 

0      1 

63360 

4-54 

5-09 

5-59 

6-04 

6-47 

0     2 

31680 

7-09 

7-94 

871 

9-42 

10-08 

0     3 

21120 

9-06 

10-15 

11-14 

12-04 

12-89 

0     4 

15840 

1073 

12-03 

13-20 

14-27 

15-27 

0     5 

12672 

12-22 

13-69 

15-03 

16-25 

17-39 

0     6 

10560 

13-57 

15-21 

16-69 

18-05 

19-31 

0    7 

9051 

14-83 

16-61 

18-23 

1971 

21-09 

0     8 

7920 

15-99 

17-92 

19-66 

21-27 

2276 

0     9 

7041 

17-10 

19-16 

21-02 

2273 

24-33 

0  10 

6336 

18-15 

20-33 

22-31 

24-13 

25-82 

0  11 

5760 

19-15 

21-45 

23-54 

25-46 

27-24 

1     0 

5280 

20-11 

22-53 

24-72 

2673 

28-61 

1     3 

4224 

22-78 

25-53 

28-01 

30-29 

32-42 

1     6 

3520 

25-23 

28-27 

31-02 

33-54 

35-90 

1     9 

3017 

27-49 

30-81 

33-80 

36-55 

39-12 

2    0 

2640 

29-62 

33-18 

36-41 

39-38 

42-14 

2    3 

Interpolated. 

31-57 

35-38 

38-82 

41-98 

44-92 

2    6 

2112 

33-53 

37-57 

41-22 

44-58 

4771 

2    9 

Interpolated. 

35-32 

39-58 

43-43 

46-96 

50-26 

3    0 

1760 

37-11 

41-58 

45-63 

49-34 

52-81 

3     3 

Interpolated. 

3878 

43-45 

47-68 

51-56 

55-18 

3    6 

1508 

40-45 

45-32 

4973 

53-78 

57-55 

3    9 

Interpolated. 

42-00 

47-07 

51-64 

55-85 

59-77 

4     0 

1320 

43-56 

48-81 

53-56 

57-92 

61-98 

4    6 

Interpolated. 

46-45 

52-05 

57-11 

6176 

66-09 

5    0 

1056 

49-34 

55-28 

60-66 

65-60 

70-20 

5    6 

Interpolated. 

51-99 

58-25 

63-91 

69-12 

73-97 

6    0 

880 

54-63 

61-22 

6717 

72-64 

77-74* 

6    6 

Interpolated. 

5711 

63-99 

70-21 

75-93* 

81-25 

7    0 

754 

59-58 

66-76 

73-25 

79-21 

8477 

7    6 

Interpolated. 

61-89 

69-35 

76-09* 

87-29 

88-06 

8     0 

660 

64-21 

71-94 

78-94 

85-37 

91-35 

8    6 

Interpolated. 

66-40 

74-40 

81-63 

88-26 

94-47 

9     0 

587 

68-59 

76-85* 

84-32 

91-19 

97-59 

9    6 

Interpolated. 

70-60 

79-22 

86-92 

94-00 

100-59 

10    0 

528 

72-81 

81-58 

89-52 

96-81 

103-60 

10    6 

Interpolated. 

74-83 

83-84 

91-99 

99-49 

106-47 

11     0 

480 

76-84* 

86-10 

94-47 

102-17 

109-33 

11     6 

Interpolated. 

7878 

88-28 

96-86 

104-75 

112-10 

12    0 

440 

80-72 

90-45 

99-25 

107-33 

114-86 

478 


TEE  DISCHARGE  OF   WATER  FROM 


TABLE  Till.—  For  finding  the  Mean  Velocities  of  Water  Jlon-inrf  in  T  . 
Streams,  and  Sicers.—The  hydraulic  mean  depth  is  found  for  all  ch:r 
dividing  the  wetted  perimeter  into  the  area. 
Hydraulic  mean  depths  Zfeet  6  inches  to  7  feet.     Falls  per  mile  1  inch  TO  ~. 


Falls  per  mile  in  feet 
and  inches,  and  the 
hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  rac.'       .  of 
and  velocity  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

54  inch. 

60  inches. 

66  inches. 

72  inches. 

84. 

F.     I. 

0      1 

63360 

6-86 

7-24 

7-60 

7-94 

0    2 

31680 

1070 

11-29 

11-85 

12-38 

m 

0    3 

21120 

13-68 

14-62 

15-14 

15-83 

17-1 

0    4 

15840 

16-21 

17-10 

17-95 

18-76 

20-28 

0    5 

12672 

18-46 

19-47 

20-43 

21-35 

23-13'J 

0    6 

10560 

20-50 

21-63 

22-70 

23-72 

25-64 

0     7 

9051 

22-39 

23-62 

24-79 

25-90 

28-00 

0    8 

7920 

24-16 

25-48 

2674 

27-95 

30-21 

0    9 

7041 

25-83 

•27-24 

28-59 

29-88 

32-30 

0  10 

6336 

27-41 

28-91 

30-34 

31-71 

34-28 

0  11 

5760 

28-92 

30-51 

32-01 

33.46 

36-17 

1     0 

5280 

30-37 

32-03 

33-62 

35-13 

37-98 

1     3 

4224 

34-41 

36-30 

38-10 

39-81 

43-04 

1     6 

3520 

38-10 

40-19 

42-18 

44-08 

47-65 

1     9 

3017 

41-52 

43-80 

45-97 

48-04 

51-93 

2    0 

2640 

44-73 

47-18 

49-52 

f.l  -7.". 

2    3 
2    6 

Interpolated. 

2112 

47-69 
50-65 

50-30 
53-42 

5279 
56-07 

55-17 
58-59 

59-64 
63-34 

2    9 

Interpolated. 

53-35 

56-28 

59-06 

61-72 

66-72 

3    0 

1760 

56-06 

59-13 

62-05 

64-85 

70-10 

3    3 
3    6 

Interpolated. 
1508 

58-57 
61-09 

61-79 
64-44 

64-84 
67-63 

67-76 
70-67 

76-40* 

3    9 

4    0 

Interpolated. 
1320 

63-44 
65-80 

66-92 
69-41 

70-23 
72-84 

73-39 
76-11* 

4    6 
5     0 

Interpolated. 
1056 

70-16 
74-52 

74-01 
78-61* 

77-67* 
82-50 

81-16 
86-21 

5    6 
6    0 

Interpolated. 
880 

78-52* 
82-52 

82-83 
87-05 

86-92 
91-35 

90-84 
95-46 

98-20 

6    6 

7    0 

Interpolated. 

764 

86-25 
89-99 

90-98 
94-92 

95-58 

99-62 

99-78 
104-10 

107-87 

7    6 
8    0 

Interpolated. 

660 

93-48 
96-98 

98-61 
102-30 

103-48 
107-35 

108-14 
112-19 

116-91 

8    6 
9    0 

Interpolated. 
587 

100-29 
103-59 

105-79 
109-27 

111-02 
114-68 

116-01 
119-84 

9    6 
10    0 

Interpolated. 
528 

106-78 
109-97 

112-64 
116-01 

118-21 
12174 

127-82 

133-55 

10    6 
11    0 

Interpolated. 
480 

113-02 
116-06 

119-22 
122-43 

125-11 

128-48 

180-74 
184-27 

141-84 
145-15 

11     6 
12    0 

Inteqiolate.l. 
440 

119-00 
121-93 

125-52 
128-61 

131-73 
134-97 

137-66 
141-05 

148-82 

ORIFICES,    WEIRS,  PIPES,   AND  RIVERS. 


479 


7  VIII. — For  finding  the  Mean  Velocititt  of  Water  flowing  in  Pipes,  Drain*, 
ami,  and  Rivers.  —  The  hydraulic  mean  depth  is  found  lor  all  channels  by 
ling  the  wetted  perimeter  into  the  area. 
ydraulic  mean  depths  Sfeet  to  12  feet.     Falls  per  mile  1  inch  to  12  feet. 


er  mile  in  feet 
iches,  and  the 
lie  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  velocities  in  inches  per  second. 

Inclinations, 
one  in 

96  inch. 

108 
niches. 

120 
inches. 

132 

inches. 

144 

inches. 

63360 

9-18 

9-75 

10-28 

10-79 

11-27 

2 

31680 

14-32 

15-20 

16-03 

16-82 

17-57 

3 

21120 

18-30 

19-43 

20-49 

21-50 

22-46 

4 

15840 

21-69 

23-02 

24-28 

25-47 

26-62 

J    5 

12672 

24-70 

26-21 

27-64 

29-00 

30-31 

0    6 

10560 

27-43 

29-11 

30-70 

32-21 

33-66 

0     7 

9051 

29-96 

31-80 

33-53 

35-18 

36-76 

0    8 

7920 

32-32 

34-30 

36-18 

37-96 

39-66 

0    9 

7041 

34-55 

36-67 

38-67 

40-58 

42-40 

0  10 

6336 

36-67 

38-92 

41-04 

43-07 

45-00 

0  11 

5760 

38-69 

41-06 

43-31 

45-44 

47-48 

1     0 

5280 

40-63 

43-12 

45-48 

47-72 

49-86 

1     3 

4224 

46-04 

48-87 

51-54 

54-07 

56-50 

1     6 

3520 

50-98 

54-11 

57-06 

59-87 

62-56 

1     9 

3017 

55-60 

58-96 

62-18 

65-25 

68-17 

2    0 

2640 

59-85 

63-52 

66-98 

70-28 

73-44' 

2    3 

Interpolated. 

63-80 

67-72 

71-41 

74-93* 

78-29 

2    6 

2112 

67-76 

71-91 

75-84* 

79-58 

83-15 

2    9 

Interpolated. 

71-38 

75-75* 

79-89 

83-83 

87-59 

3    0 

1760 

75-00* 

79-59 

83-94 

88-08 

92-03 

3    3 

Interpolated. 

78-37 

83-17 

87-71 

92-03 

96-16 

3    6 

1508 

81-74 

86-75 

91-48 

95-99 

100-30 

3    9 

Interpolated. 

84-88 

90-09 

95-01 

99-69 

104-16 

4    0 

1320 

88-03 

93-43 

98-53 

103-38 

108-02 

4    6 

Interpolated. 

93-87 

99-62 

105-06 

110-24 

115-18 

5    0 

1056 

99-70 

105-82 

111-59 

117-09 

122-34 

5    6 

Interpolated. 

105-06 

111-49 

117-58 

123-38 

128-91 

6     0 

880 

110-41 

117-17 

123-57 

129-66 

135-48 

6    6 

Interpolated. 

115-40 

122-47 

129-16 

135-53 

141-61 

7    0 

754 

120-40 

127-76 

13475 

141-39 

14773 

7    6 

Interpolated. 

125-07 

132-74 

139-99 

146-88 

153-47 

8    0 

660 

129-75 

137-70 

145-22 

152-38 

159-21 

8    6 

Interpolated. 

134-18 

142-40 

150-18 

157-57 

164-64 

9    0 

587 

138-60 

147-10 

155-13 

162-77 

170-07 

9    6 

Interpolated. 

142-87 

151-63 

159-91 

16778 

175-31 

10    0 

528 

147-14 

156-16 

164-68 

172-80 

180-55 

10    6 

Interpolated. 

151-21 

160-48 

169-24 

177-58 

185-55 

11     0 

480 

155-29 

164-80 

173-80 

182-36 

190-54 

11     6 

Interpolated. 

159-21 

168-97 

178-19 

186-97 

195-36 

12    0 

440 

163-13 

173-13 

182-59 

191-58 

200-17 

480 


THE  DISCHARGE  OF  WATER  FROM 


TABLE  IX.— For 'finding  the  Discharge  in  Cubic  Feet  per  Minute,  irhen  the  Did* 
of  a  Pipe,  or  Orifice,  and  the  Velocity  of  Discharge  are  known  ;  and  vice  ven 


Ill 

Discharge  in  cubic  feet  per  minute,  for  different  velocities. 

Velocity  of 
100  inches 
per  second. 

Velocity  of 
200  inches 
per  second. 

Velocity  of 
300  inches 
per  second. 

Velocity  of 
400  inches 
per  second. 

Velocity  of 
iiW  iuchei 
per  seconA 

1 

•170442 
•68177 
1-53398 

•3409 
1-3635 
3-0679 

.5113 
2-0453 

4-6019 

•6818 
27271 

6-1359 

•8522 
3-4089 
7-6699 

I 

2-727077 

5-4541 

8-1812 

10-9083 

13-6354 

U 
1* 

if 

2 

4-26106 
6-13593 
8-35167 
10-90831 

8-5221 
12-2718 
167033 
21-1817 

12-7832 
18-4080 
25-0550 
32-7249 

17'D  1  1-2 
24-5437 
33-4067 
43-6332 

21-3053 
30-6797 
41-7584 
54-5415 

24 

13-80583 
17-04423 

27-6117 
34-0885 

41-4175 
51-1327 

55-2233 
68-1769 

69-0291 
81  -2212 

2f 

20-62352 

41-2470 

61-8706 

82-4941 

103-1176 

3 

24-54369 

49-0874 

73-6311 

98-1748 

122-7185 

H 

28-80475 
33-40669 

57-6095 
66-8134 

86-4143 
100-2201 

115-2190 
133-6268 

144-0238 
167-0335 

3| 

4 

38-34952 
43-63323 

76-6990 
87-2665 

115-0486 
130-8997 

153-3981 
174-5329 

191-7476 
218-1662 

41 

49-25783 

98-5157 

147-7735 

197-0313 

246-2892 

44 
4| 
5 

55-22331 
61-52968 
68-17692 

110-4466 
123-0594 
136-3539 

165-6699 
184-5890 
204-5308 

220-8932 
246-1187 
2727077 

276-1166 
307-6484 
340-8846 

54 
64 

5| 
6 

75-16506 
82-49408 
90-16399 
98-17478 

150-3301 
164-9882 
180-3280 
196-3495 

2-J5-4952 
247-4822 
270-4920 
294-5243 

300-6603 
329-9763 
360-6560 
392-6991 

375-8253 
412-4704 

450-8200 
490-8789 

j| 

106-52645 
115-2190 

213-0529 
230-4380 

319-5794 
345-6570 

426-1058 
460-8760 

532-6323 
576-0950 

6? 

124-25245 

248-5049 

372-7574 

497-0098 

621-2623 

7 

133-6268 

267-2536 

400-8804 

534-5072 

668-1340 

74 
74 

7! 

8 

143-34199 
153-39809 
163-79507 
174-53293 

286-6840 
306-7962 
327-5901 
349-0659 

430-0260 
460-1943 
491-3852 
523-5988 

573.3680 
618-1 

655-1803 
698-1317 

7167100 
766-9905 
818 

872-<itil7 

Si 

197-03132 

394-0626 

591-0940 

788-1253 

985 

9" 

220-89325 

4417865 

662-6798 

883-5730 

1101 

9k 

10 

246-11871 
272-70771 

492-2374 
545-4154 

738-3561 
818-1231 

984-4784 
1090-8308 

1230-5936 
1363-5386 

10J 

300-66025 

601-3205 

901-9808 

1202-6410 

1503-3013 

ll" 

329-97633 

659-9527 

989-9290 

1319-9053 

1649-8817 

11* 

12 

360-65595 
392-69910 

721-3119 
785-3982 

1081-9679 
1178-0973 

1442-6238 
1570-7964 

180?, 
1963-4955 
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TABLE  IX.—Forjln<ling  the  Dinrhurije  in  Cnlic  Feet  per  Minute,  taken  the  Diameter 
oftt  Pipe,  or  Orifice,  and  the  Velocity  of  D'utcharye  are  known;  and  vice  versd. 


Discharge  in  cubic  feet  per  minute,  for  different  velocities. 

|s| 

•i.e-3  • 
|C-S  : 
5°-S 

Velocity  of 
000  inches 
per  second. 

Velocity  of 
700  inches 
per  second. 

Velocity  of 
800  inches 
per  second. 

Velocity  of 
900  inches 
per  second. 

Velocity  in 
1000  inches 
per  second. 

1-0227 

1-1931 

1-3635 

1-5340 

1-7044 

i 

4-0906 

4-7724 

5-4542 

6.1359 

6-8177 

9-2039 

10-7379 

12-2718 

13-8058 

15-3398 

i 

16-3625 

19-0895 

21-8166 

24-5437 

27-2708 

i 

25-5664 

29-8274 

34-0885 

38-3495 

42-6106 

ii 

36-8155 

42-9515 

49-0874 

55-2234 

61-3593 

i{ 

50-1100 

58-4617 

66-8134 

75-1650 

83-5167 

n 

65-4499 

76-3582 

87-2665 

98-1748 

109-0831 

2 

82-8350 

96-6408 

110-4466 

124-2525 

138-0583 

2i    i 

102-2654 

119-3096 

136-3538 

153-3981 

170-4423 

2i 

1237411 

144-3646 

164-9882 

185-6117 

206-2352 

3 

147-2621 

171-8059 

196-3496 

220-8933 

245-4369 

3 

172-8285 

201  -6333 

230-4380 

259-2428 

288-0475 

84 

200-4401 

233-8468 

267-2535 

300-6602 

334-0669 

»J 

230-0971 

268-4467 

306-7962 

345-1457 

383-4952 

3J 

261-7994 

305-4326 

349-0659 

392-6991 

436-3323 

4 

295-5470 

344-8048 

394-0626 

443-3205 

492-5783 

4* 

331-3399 

386-5632 

4417865 

497-0098 

552-2331 

44 

369-1781 

430-7077 

492-2374 

553-7671 

615-2968 

4| 

409-0615 

477-2384 

545-4154 

613-5923 

681-7692 

5 

450-9904 

526-1554 

601-3205 

676-4855 

751-6506 

5i 

494-9645 

577-4586 

659-9526 

742-4467 

824  9408 

*l 

540-9839 

631-1479 

721-3119 

811-4759 

901-6399 

5| 

589-0486 

687-2235 

785-3982 

883-5730 

981-7478 

6 

639-1587 

745-6852 

852-2116 

9587381 

1065-2645 

«i    : 

691-3141 

806-5330 

921-7520 

1036-9710 

1152-1900 

84 

745-5147 

869-7672 

994-0196 

1118-2721 

1242-5245 

6| 

801-7608 

935-3876 

1069-0144 

1202-6412 

1336-2680 

7 

860-0519 

1003-3939 

1146-7359 

1290-0779 

1433-4199 

74 

920-3885 

1073-7866 

1227-1847 

1380-5828 

1533-9809 

74 

9827704 

1146-5655 

1310-3605 

1474-1556 

1637-9507 

7f 

1047-1976 

1221-7305 

1396-2634 

1570-7964 

1745-3293 

8 

1182-1879 

1379-2192 

1576-2506 

1773-2819 

1970-3132 

84 

1325-3595 

1546-2528 

1767-1460 

1988-0393 

2208-9325 

9 

1476-7123 

1722-8310 

1968-9497 

2215-0684 

2461-1871 

94 

1636-2463 

1908-9540 

2181-6617 

2454-3694 

2727-0771 

10 

1803-9615 

2104-6218 

2405-2820 

2705-9423 

3006-6025 

104 

1979-8580 

2309-8343 

2639-8106 

2969-7870 

3299-7633 

11 

2163-9357 

2524-5917 

2885-2476 

3245-9936 

3606-5595 

"4 

2356-1946 

2748-8937 

3141-5928 

3534-2919 

3926-9910     12 
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THE  DISCHARGE  OF   WATER  FROM 


TABLE  3T.—For  finding  the    ilrptht  of  Weirs  of  different   lengthi,    the  quantity 
discharged  ocer  each  being  suppottd  constant.     See  pages  2S9  and 


Ratios 
of 
lengths. 

Coeffi- 
cients. 

Ratios 
of 
lengths. 

Coeffi- 
cients. 

Ratios 
of 
lengths. 

Coeffi- 
cients. 

Ratios 
of 
lengths. 

Coeffi- 
cients. 

•01 

•0464 

•405 

•5474 

•605 

•7153 

•805 

•8654 

•02 

•0737 

•410 

•5519 

•610 

•7193 

•810 

•8689 

•03 

•0965 

•415 

•5564 

•615 

•7232 

•815 

•04 

•1170 

•420 

•5608 

•620 

•7271 

•820 

•8761 

•05 

•1357 

•425 

•5653 

•625 

•7310 

•825 

•8796 

•06 

•1533 

•430 

•5697 

•630 

•7349 

•830 

•8832 

•07 

•1699 

•435 

•5741 

•635 

•7388 

•835 

•8867 

•08 

•1857 

•440 

•5785 

•640 

•7427 

•840 

•8903 

•09 

•2008 

•445 

•5829 

•645 

•7465 

•845 

•8938 

•10 

•2154 

•450 

•5872 

•650 

•7504 

•850 

•8973 

•11 

•2296 

•455 

•5916 

•655 

•7542 

•855 

•9008 

•12 

•2433 

•460 

•5959 

•660 

•7580 

•860 

•9043 

•13 

•2566 

•465 

•6002 

•665 

•7619 

•865 

•9078 

•14 

•2696 

•470 

•6045 

•670 

•7657 

•870 

•9113 

•15 

•2823 

•475 

•6088 

•675 

•7695 

•875 

•9148 

•16 

•2947 

•480 

•6130 

•680 

•7733 

•880 

•9183 

•17 

•3069 

•485 

•6173 

•685 

•7771 

•885 

•9218 

•18 

•3188 

•490 

•6215 

•690 

•7808 

•890 

•9253 

•19 

•3305 

•495 

•6258 

•695 

•7846 

•895 

•20 

•3420 

•500 

•6300 

•700 

•7884 

•900 

•9322 

•21 

•3533 

•505 

•6342 

•705 

•7921 

•905 

•9356 

•22 

•3644 

•510 

•6383 

•710 

•7959 

•910 

•9391 

•23 

•3754 

•515 

•6425 

•715 

•7996 

•915 

•24 

•3862 

•520 

•6466 

•720 

•8033 

•920 

•9459 

•25 

•3969 

•525 

•6508 

•725 

•8070 

•9494 

•26 

•4074 

•530 

•6549 

•730 

•8107 

•930 

•27 

•4177 

•535 

•6590 

•735 

•8144 

•935 

•28 

•4280 

•540 

•6631 

•740 

•8181 

•940 

•29 

•4381 

•545 

•6672 

•7-l.r, 

•8218 

•9630  ! 

•30 

•4481 

•550 

•6713 

•750 

•8255 

•960 

•9664 

•31 

•4580 

•555 

•6754 

•755 

•8291 

•955 

•9698 

•32 

•4678 

•560 

•6794 

•760 

•8328 

•960 

•33 

•4775 

•565 

•6834 

•765 

•8365 

•965 

•34 

•4871 

•570 

•6875 

•770 

•8401 

•970 

•35 

•4966 

•575 

•6915 

•775 

•8437 

•975 

•9833 

•36 

•5061 

•580 

•6955 

•780 

•980 

•9866 

•37 

•5154 

•585 

•6995 

•785 

•8510 

•985 

•38 

•5246 

•590 

•7035 

•790 

•9546 

•990 

•39 

•5338 

•595 

•7074 

•795 

•8582 

•995 

•40 

•5429 

•600 

•7114 

•800 

•8618 

1-000 

1-0000 
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TABLE  XI.  —  "Mean  relative  Dimensions  of  equally  Dl«eharging  Trapezoidal  Channel*, 
trith  Siili-  N/Djwg  viirj/iiiy  from  0  to  1,  up  to  2  to  1. — Half  sum  of  the  ton  and 
bottom  is  the  mean  width,  The  ratio  of  the  slope,  multiplied  by  the  depth, 
subtracted  from  tbe  mean  width,  will  give  the  bottom;  and  if  added,  will 
give  the  top.  TABLE  XII.  gives  the  discharge  in  cubic  feet  per  minute  from 
the  primary  channel,  70  wide,  and  the  corresponding  depths  taken  in  feet. 
For  lesser  or  greater  channels  and  discharges,  see  Rules,  pp.  243  to  251,  and 
267  to  271. 


The  mean  widths  are  given  in  the  top  horizontal  line,  and  the  corresponding 
depths  in  tbe  other  horizontal  lines.      They  may  be  taken  in  inches, 
feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60 

50 

40 

35 

30 

25 

20 

15 

10 

•125 

•13 

•15 

•17 

•20 

•23 

•26 

•29 

•35 

•48 

•25 

•27 

•30 

•35 

•40 

•45 

•52 

•58 

•71 

•98 

•375 

•41 

•46 

•54 

•60 

•67 

•76 

•88 

1-09 

1-51 

•5 

•55 

•62 

•73 

•80 

•89 

1-02 

1-19 

1-48 

2-04* 

•625 

•68 

•78 

•91 

1-00 

1-12 

1-29 

1-50 

1-88 

2-62 

•75 

•82 

•94 

1-10 

1-20 

1-35 

1-56 

1-82 

2-28 

3-22" 

•875 

•96 

1-10 

1-29 

1-41 

1-58 

1-83 

2-14 

2-69 

3-86 

1- 

1-10 

1-26 

1-48 

1-62 

1-81 

2-10 

2-46 

3-11 

4-50 

1-125 

1-24 

1-42 

1-67 

1-83 

2-04 

2.37 

279 

3-54 

5-19* 

1-25 

1-39 

1-58 

1-86 

2-04 

2-28 

2-65 

3-12 

3-98 

5-89 

1-375 

1-53 

1-74 

2-05 

2-25 

2-51 

2-92 

3-46 

4-43 

6-60 

1-5 

1-67 

1-90 

2-24 

2-46 

2-75 

3-20 

3-80 

4-88 

7-31 

1-625 

1-81 

2-06 

2-43 

2-67 

2-99 

3-47 

4-15 

5-34 

8-08 

1-75 

1-95 

2-22 

2-62 

2-88 

3-23 

375 

4-50 

5-80 

8-86 

1-875 

2-09 

2-38 

2-81 

3-09 

3-47 

4-03 

4-86 

6-29 

9-68 

2' 

2-23 

2-54 

3-00 

3-31 

3-72 

4-32 

5-22 

678 

10-50 

2-125 

2-37 

270 

3-19 

3-52 

3-96 

4-61 

5-58 

7-29 

11-37 

2-25 

2-51 

2-86 

3-38 

373 

4-21 

4-91 

5-95 

7-81* 

12-25 

2-3/5 

2-65 

3-Q2 

3-57 

3-94 

4-45 

5-20 

6-31 

8-32 

13-12 

2-5 

2-79 

3-18 

376 

4-16 

4-70 

5-50 

6-68 

8-84 

14-00 

2-625 

2-93 

3-34 

3-95 

4-38 

4-95 

579 

7-06 

9-38 

14-92 

275 

3-07    3.51 

4-15 

4-60 

5-21 

6-09 

7-45 

9-93 

15-84 

2-875 

3-21    3-67 

4-34 

4-82 

5-46 

6-39 

7-83 

10-48 

1676 

3- 

3-35 

3-84 

4-54 

5-04 

5-72 

6-69 

8-22 

11-03 

17-68 

3-125 

3-49 

4-00 

473 

5-26 

5-97 

7-00 

8-62 

11-60 

18-68 

3-25 

3-63 

4-17 

4-93 

5-49 

6-23 

7-31 

9-02 

12-17 

19-68 

3-375 

377 

4-33 

5-13 

5-72 

6-49 

7-62 

9-42 

1274 

20-68 

3-5 

3-91 

4-50 

5-33 

5-95 

675 

7-93 

9-82 

13-32 

21-68 

3-625 

4-05 

4-66 

5-53 

6-17 

7-01 

8-25 

10-23* 

13-92 

22-76 

3-75 

4-19 

4-82 

573 

6-40 

7-28 

8-57 

10-65 

14-53 

23-84 

3-875 

4-33 

4-98 

5-93 

6-62 

7-54 

8-89 

11-06 

15-14 

24-92 

4- 

4-48 

5-14 

6-13 

6-85 

7-81 

9-21 

11-48 

15-75 

26-00 

4-25 

476 

5-46 

6-54 

7-30 

8-35 

9-85 

12-33 

16-98 

28-18 

4-5 

5-05 

5-79 

6-95 

775 

8-90 

10-50 

13-19 

18-22 

30-36 

4-75 

5-33 

6-12 

7-35 

8-20 

9-45 

11-14 

14-07 

19-50 

32-68 

5- 

5-62 

6-45 

775 

8-66 

10-00 

11-79 

14-96 

20-80 

35-00 

5-25 

5-90 

6-78 

8-16 

9-14 

10-55 

12-51* 

15-86 

22-13 

37-40 

5-5 

6-18 

7-12 

8-57 

9-62 

11-10 

13-24 

16-77 

23-47 

39-81 

5-75 

6-46 

7-46 

8-98 

10-11 

11-66 

13-94 

17-71 

24-86 

42-33 

6- 

675 

7-80 

9-40 

10-60 

12-22 

14-65 

18-65 

26-25 

44-86 

For  a  similar  Table,  tee  p.  270. 
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TABLE  XII.— Discharge*  from  the  Primary  Channel  in  the  first  column  nf  Table  AT. 
If  the  dimensions  of  the  primary  channel  be  in  inches,  divide  the  discharges 
in  this  tut ile  by  500  ;  if  in  yards,  multiply  by  lo'G  ;  if  in  quarters,  multiply  by 
:;2;  and  if  in  fathoms,  by  8S'2,  <tc.  :  see  pp.  24:)  to  2">1.  The  tin  il  figure!  iii 
the  discharges  may  be  rejected  when  they  ia  not  exceed  one-half  pur  cent, 
or  0'5  in  100.  See  pages  207  to  271. 


Depths  of 
a  channel 
whose 
mean 
width  is 
70:-  in 
feet. 

Falls,  inclinations,  and  discharges  in  cubic  feet  per  minute. 
Interpolate  for  intermediate  falls  ;  divide  greater  falls  by  4,  aud 
double  the  corresponding  discharges 

1  inch 
TV  r  mile, 
1  in  63360. 

•2  inches 
per  mile, 
lin316SO. 

3  inches    0  inches    9  inches 
per  mile,  per  mile,  per  mile, 
Iin21120.  linlOoCO.  1  in  7(>4o. 

12  inches  15  inches 
per  mile,  per  mile, 
1  ill  52N>.  1  ill  4224. 

•125 

47 

72 

93 

139 

175 

205 

•25 

136 

210 

268 

403 

506 

596 

•375 

249 

389 

498 

746 

940 

1105 

1252 

•50 

387 

603 

770 

1155 

1454 

1709 

1985 

•625 

541 

849 

1078 

1617 

2036 

2714 

•75 

714 

1112 

1420 

2128 

2681 

3153 

3573 

•875 

900 

1401 

1791 

2685 

3382 

3978 

4507 

I- 

1100 

1714 

2190 

3283 

4134 

1-125 

1310 

2042 

2614 

3909 

4927 

5792 

1-25 

1534 

2384 

3058 

4581 

5766 

6780 

7690 

1-375 

1767 

2757 

3521 

5279 

6661 

8863  ' 

1-50 

2013 

3142 

4006 

6016 

7588 

8915 

10099 

1-025 

2268 

3540 

4525 

6781 

8541 

10044 

11381 

1-75 

2534 

3950 

5053 

7570 

9537 

11210 

12703 

1-875 

2812 

4384 

5599 

8386 

10570 

12429 

2- 

3090 

4821 

6161 

9230 

11628 

15513 

2-125 

3377 

5273 

6738 

10092 

12718 

14956 

16948 

2-25 

3674 

5736 

7331 

10981 

13833 

16281 

2-375 

3977 

6210 

7937 

11889 

14981 

17645 

19960 

2-50 

4293 

6699 

8568 

12829 

16161 

19045 

21584 

2-625 

4616 

7208 

9204 

13800 

17380 

20434 

2-76 

4947 

7716 

9865 

14782 

18624 

21886 

2-875 

5280 

8233 

10525 

15773 

19887 

3- 

5621 

8762 

11204 

16788 

21165 

3-125 

5972 

9310 

11900 

17830 

22454 

26410 

3-25 

6329 

9862 

12614 

18897 

23780 

27994 

31714 

3-375 

6689 

10420 

13320 

19963 

25145 

29570 

3-50 

7049 

10995 

14048 

21052 

26509 

31262 

35329  , 

3-625 

7418 

11574 

14785 

22153 

27906 

32860 

37186  ' 

375 

7794 

12163 

15526 

23284 

29321 

84479 

39080 

3-875 

8178 

12753 

16283 

24416 

30756 

36170 

41013 

4- 

8566 

13354 

17070 

25592 

82225 

37898 

4-25 

9355 

14582 

18643 

27936 

35191 

41368 

46916 

4-50 

10173 

15849 

20267 

30366 

38254 

44982 

4-75 

11001 

17140 

21908 

32818 

41356 

48630 

55102 

5- 

11833 

18454 

23595 

35355 

44546 

5-25 

12696 

19802 

25362 

37939 

177'.'.". 

56209 

63688 

5-50 

13576 

21172 

27248 

40564 

51097 

60079 

14478 

22580 

29160 

48258 

54478 

64058 

6- 

15393 

31122 

45969 

57897 

68082 

77154 

for  u  timilar  Takle,  tee  j>.  271. 


ORIFICES,    WEIRS,   PIPES,    AND  RIVERS. 


485 


TABLE  .YIL  —  T>i>charge»  from  the  Primary  Channel  in  thffirtt  mlumn  nf  TuMe  XI. 
If  the  dimensions  of  the  primary  channel  bo  in  inches,  divide  the  discharges 
in  this  table  by  500  ;  if  in  yards,  multiply  by  15'6,  if  in  quarters,  multiply  by 
:iu',  and  if  in  fathoms,  by  88'2,  etc.  :  see  pp.  243  to  251.  The  final  figures  in 
the  discharges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent., 
or  0'5  in  100.  See  pages  267  to  271. 


Falls,  inclinations,  and  discharges  in  cubic  feet  per  minute. 
Interpolate  for  intermediate  falls  ;  divide  greater  falls  by  4,  and 
double  the  corresponding  discharges. 

Depths  of 
a  channel 
whose 
mean 
width  is 
70:—  in 
feet. 

IS  inches  21  inches  24  inches  27  inches  30  inches  33  inches  36  incites 
>er  mile,  per  mile,  per  mile,  per  mile,  per  mile,  per  mile,  per  mile, 
1  in  3520.  1  in  3017.  1  in  2640.  1  in  2347.  1  in  2112.  1  in  1U20.  1  in  1700. 

258 

281 

303 

323 

343    362 

380 

•125 

748 

815 

877 

986 

993 

1049 

1100 

•25 

1387 

1511 

1627 

1736 

1843 

1952 

2037 

•375 

2145 

2336 

2515 

2684 

2852 

3023 

3155 

.50 

3004 

3274 

3527 

3753 

4021 

4207 

4414 

•625 

3957 

4311 

4645 

4966 

5287 

5553 

5817 

•75 

4991 

5422 

5859 

6274 

6650 

6992 

7342 

•875 

6097 

6622 

7159 

7631 

8107 

8540 

8974 

r 

7266 

7920 

8531 

9124 

9660 

10200 

10693 

1-125 

8514 

9284 

9995 

10658 

11318 

11923 

12520 

1-25 

9816 

10697 

11539 

12307 

13045 

13741 

14479 

1-375 

11182 

12185 

13152 

14007 

14862 

15656 

16448 

1-50 

12601 

13730 

14821 

15786 

16750 

17657 

18552 

1-625 

14069 

15331 

16525 

17616 

18700 

19698 

20696 

175 

15593 

16997 

18306 

19517 

20728 

21840 

22944 

1-875 

17157 

18697 

20141 

21469 

22803 

24017 

25242 

2- 

18766 

20446 

22030 

23480 

24938 

26269 

27601 

2-125 

20410 

22247 

23965 

25547 

27129 

28578 

30027 

2-25 

22104 

24087 

25947 

27662 

29395 

30934 

32512 

2-375 

23848 

25988 

27992 

29841 

31701 

33381 

35096 

2-50 

25669 

27953 

30100 

32069 

34086 

35910 

37725 

2-625 

27479 

29933 

32247 

34384 

36512 

38471 

40415 

2-75 

29318 

31947 

34408 

36697 

38958 

41055 

43135 

2-875 

31206 

34002 

36624 

39050 

41464 

43680 

45896 

3- 

33141 

36112 

38897 

41482 

44048 

46398 

48747 

3-125 

35126 

38266 

41223 

43954 

46672 

49174 

51664 

3-25 

37109 

40438 

43556 

46438 

49330 

51951 

54586 

3-375 

39140 

42631 

45925 

48963 

51993 

54775 

57550 

3-50 

41184 

44872 

48343 

51537 

54728 

57659 

60580 

3-625 

43273 

47158 

50807 

54162 

57514 

60585 

63656 

375 

45407 

49468 

53300 

56840 

60341 

63560 

66784 

3-875 

47551 

51818 

55832 

59414 

63200 

66576 

69951 

4- 

51911 

56586 

60973 

64974 

69013 

72694 

76383 

4-25 

56448 

61508 

66176 

70623 

75017 

79017 

82994 

4-50 

61014 

66500 

71625 

76408 

81097 

85426 

89767 

4-75 

65713 

71628 

77140 

82250 

87351 

92015 

96653 

5- 

70509 

76863 

82779 

88200 

93731 

98729 

103745 

5-25 

75383 

82159 

88434 

94344 

100200 

105550 

110905 

5-50 

80379 

87590 

94348 

100616 

106823 

112540 

118254 

5-75 

85407 

93093 

100275 

106911 

113505 

119616 

125664 

6- 

For  a  similar  Table,  tee  p.  271. 


43(5 


THE  DISCHARGE  OF  WATER 


TABLE   XIII.— The  Square  Roots  of  the  ffth  potrers  of  number*  for  findinij  ike 

'.r  i,f  a  Fi/ir,  in-  OmeiUMHuqfa  Ckwmelfrom  the  Disc-hurtle,  or  theReterte; 

rhoiciiiy  the  relative  Dixcharginy  Poicer*  of  pipes  of  different  I  .'  of  any 

rCfcmiwb  whatever,  closed  or  open.     See  pages  17,  18,  24*,  etc.— If  d  00 

the  diameter  of  a  pipe,  in  feet,  and  i>  the  discharge  in  cubic  feet  per  minute, 

then  for  long  straight  pipes  we  shall  have  for  velocities  of  nearly  3  feet  per 

second,  D  =  2400  (d&»)\  and  d  =  '044  (—  Y  ;   or  if  D  be  the  discharge  per 
second,  D  =  40  (/*]*,    and  d  =   -22S      ~'- 


Relative 
dimen- 
sions or 
diameters 
of  pipes. 

Relative 

discharg- 
ing 
powers. 

Relative 
dimen- 
sions or 
diameters 
of  pipes. 

Relative'    ^lative 

^•^-g-  8tr« 
p"5*|5Br 

Relative 
discharg- 
ing 
powers. 

Relative 

dimcn- 

diameters 

of  pipes. 

Relative 

discharg- 
ing 
powers. 

•25 

•031 

10-5 

357-2 

30-5 

5138- 

61- 

290f>2- 

•5 

•177 

11- 

401-3 

31- 

5351- 

62- 

•75 

•485 

11-5 

448-5 

31-5 

5569- 

63- 

1- 

1- 

12- 

498-8 

32- 

5793- 

64- 

32768- 

1-25 

1-747 

12-5 

552-4 

32-5 

6022- 

65- 

34063' 

1-5 

2-756 

13- 

609-3 

33- 

6256- 

66- 

35388- 

175 

4-051 

13-5 

669-6 

33-5 

6496- 

67- 

2' 

5-657 

14- 

733-4 

34- 

6741- 

68- 

38131' 

2-25 

7-594 

14-5 

800-6 

34-5 

6991- 

69- 

39548' 

2-5 

9-882 

15' 

871-4 

35' 

7247- 

70- 

40996- 

275 

12-541 

15-5 

945-9 

35-5 

7509- 

71- 

4-2476' 

3- 

15-588 

16' 

1024- 

36- 

777<i- 

72- 

43988- 

3-25 

19-042 

16-5 

1105-9 

36-5 

8049- 

73- 

3-5 

22-918 

17' 

1191-6 

37- 

8327- 

74- 

375 

27-232 

17-5 

1281-1 

37-5 

8611- 

76- 

48714 

4- 

32- 

18' 

1374-6 

38- 

8901- 

76- 

4-25 

37-24 

18-5 

1472-1 

38-5 

9197- 

77- 

4-5 

42-96 

19- 

1573-6 

39- 

9498- 

78- 

4.75 

49-17 

19-5 

1679-1 

39-5 

9806- 

79- 

55471 

5- 

55-90 

20- 

1788-9 

40- 

10119' 

80- 

5-25 

63-15 

20-5 

1902-8 

41- 

10764- 

81- 

5-5 

70-94 

21- 

2020-9 

42- 

11432- 

82- 

575 

79-28 

21-5 

2143-4 

43- 

12126' 

83- 

6- 

88-18 

22- 

2270-2 

44- 

12842- 

84- 

6'25 

97-66 

22-5 

2401-4 

45' 

13584- 

85- 

66611 

6-5 

10772 

23- 

2537- 

46- 

14351- 

86- 

68588- 

675 

118-38 

23-5 

2677-1 

47' 

15144- 

70599- 

7- 

129-64 

24- 

2821-8 

48' 

15963- 

88- 

7-25 

141-53 

24-5 

2971-1 

49- 

16807- 

89- 

7-5 

154-05 

25- 

3125- 

50- 

17678- 

90- 

775 

167-21 

25-5 

3283-6 

51- 

18575- 

!•!• 

8- 

181-02 

26- 

3446-9 

52- 

19499- 

92- 

8-25 

195-50 

26-5 

3015-1 

53- 

20460' 

8-5 

210-64 

27' 

3788' 

54- 

21428- 

94- 

8-75 

226-48 

27-5 

3965-8 

22484- 

95' 

9- 

243' 

28- 

4148-5 

66- 

23468- 

96' 

9-25 

260-23 

28-5 

4336-2 

57' 

97- 

9-5 

278-17 

29- 

58- 

25620- 

98- 

9-75 

29-5 

4726-7 

,,,,. 

10- 

816-28         30- 

4929-5 

60- 

27886-       100- 

See  Tables  at  • 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 


487 


TABLE  XIV. — Weights  and  Measures,  English  and  French,  wilk 
tlicir  relative  values. 


MEASURES  OF   LENGTH. 


12  inches 

7 '92  inches 

3  feet 

5£  yards    =  16J  feet 
100  links       =     22  yards. 
40  perches  =  220  yards     . 

8  furlongs  =  1760  yards 

6  feet 

120  fathoms 

1  Nautical  mile        .... 
69'12  miles 

3  miles 

The  Irish  perch  is  21  feet,  or  seven 
palm ;  4  inches  a  hand ;  5  feet  a  pace. 
=  1  nail ;  4  nails =1  quarter  ;  4  quarters 
14  English. 


.  1  foot. 

.     .  1  link. 

.  1  yard. 

.     .  1  pole  or  perch. 

.  1  chain  =  4  perches. 

.     .  1  furlong. 

.  1  mile. 

.     .  1  fathom. 

.  1  cable's  length. 

.     .  60827  feet 

.  1  Geographical  deg. 

.     .  1  league, 

yards.  Three  inches  make  a 
In  cloth  measure  2£  inches 
=  1  yard.      11  Irish  miles  = 


MEASURES  OF  SURFACE. ' 

144  square  inches 1  square  foot. 

62-7264        n        .......     1  square  link. 

9  square  feet 1  square  yard. 

30|  square  yards  =     272J  square  feet     .         .     .     1  square  perch. 
=  4,356  ,,  .        .     1  square  chain. 

*=      160  square  perches        .     .     1  acre. 
=      210  square  yards       .        .  40  perches. 
=  4,840  ,,          .         .     .     1  acre. 

=  3,097,600    ,,  .        .     1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
=  la.  2r.  19'17p.  statute  ;  and  1  statute  acre  =  Oa.  2r.  18'77p.  Irish. 
The  Irish  acre  is  to  the  English  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  slating,  or  flooring.  The  Cunningham  acre  is 
=  la.  Ir.  6'61p.  English;  and  1  English  acre  is  =  Oa.  3r.  3'904p. 
Cunningham  measure. 


10,000  square  links 
10  square  chains 
1  rood 
4  roods 
640  acres 
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TABLE  XIV. — Continued. 

CUBIC   MEASURES,    AND    MEASUUES   OF   CAPACITY   AND   WEIGHT. 

1728  cubic  inches 1  cubic  foot. 

27  cubic  feet 1  cubic  yard. 

16^x    1|  xl   =24 '75  cubic  feet         .         .     1  perch  of  masonry. 
16^x16^x11  =    306  cubic  feet    .         .     .     1  rod  of  brickwork. 
•21    x    l^xl   =    30i  cubic  feet        .         .     1  Irish  perch  of  masonry. 
The  standard  gallon,  imperial  measure,  contains  10  Ibs.  avoirdupois, 
of  distilled  water  at  62°  Fahrenheit,  the  barometer  standing  at  30 
inches. 

6'232  gallons 1  cubic  foot. 

8 '665  cubic  inches         .         .         .     .     1  gill. 

4  gills  34 '659  cubic  inches  .         .         .1  pint. 

2  pints  69'31S  cubic  inches     .         .     .     1  quart. 

2  quarts  138 '637  cubic  inches     .         .     1  pottle. 

2  pottles  277 '274  cubic  inches        .     .     1  gallon. 

2  gallons  554 '548  cubic  inches    .         .     1  peck. 

4  pecks  2218'191  cubic  inches  .  .  1  bushel. 
The  old  Irish  gallon  contained  21 7 '6  cubic  inches,  nearly,  and  1  Irish 
gallon  is  therefore  =  '7850  imperial  gallon.  The  Irish  barrel  of  lime 
still  measures  40  Irish  gallons,  or  31 '321  imperial  gallons,  or  4  bushels, 
very  nearly.  It  is  measured  by  a  cylindrical  measure  12  inches  high, 
and  about  21  ^  inches  in  diameter,  containing  half  the  Irish  barrel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  36  gallons  =  1  barrel 
=  36  gallons,  3£  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  32  bushels  =  1  chaldron  =  31  bushels,  1  pint, 
imperial  measure,  nearly. 

And  36  bushels  of  coal  =  1  chaldron  of  coal  =  34  bushels,  3  pecks, 
and  1  gallon,  imperial  measure.  The  Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TROY   W1UK1IT. 

24  grains       .         .         .         .         .1  pennyweight. 
20  pennyweights      .        .        .    .    1  ounce. 
12  ounces     .         .         .         .         .1  pound. 

One  pound  Troy  =  22'816  cubic  inches  of  distilled  water,  barometer 
(i  inches  ;  thermometer  G'J\ 
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TABLE  XIV.— Continued. 
APOTHECARY'S  WEIGHT. 


20  Troy  grains 
3  scruples 
8  drachms   . 

12  ounces . 
The  ounce  weighs  480 


1  scruple. 

1  drachm. 

1  ounce. 

1  pound. 

grains,  and  the  pound  5760  grains,  both  in 


Troy  and  Apothecary's  weight. 

AVOIRDUPOIS  OR  COMMERCIAL  WEIGHT. 

One  pound  Avoirdupois  =  277274  cubic  inches,  when  the  barometer 
stands  at  30  inches,  and  Fahrenheit's  thermometer  at  62°. 

16  drachms  =  437'5  Troy  grains  .  1  ounce. 
16  ounces  =  7,000  Troy  grains  .  .  1  pound. 
14  pounds  =  98,000  Troy  grains  .  1  stone. 

8  stone       =       112  pounds      .        .     .     1  cwt. 
20  cwt.        =    2,240  pounds  ...     1  ton. 
One  pound  Troy  =  '82286   pounds  Avoirdupois,    and  one  pound 
Avoirdupois  is  equal  to  1-2153  pounds  Troy.     One  ton  of  water  con- 
tains about  36  cubic  feet,  equal  to  224  imperial  gallons,  nearly.     Ten 
pounds  of  distilled  water  is  equal  to  one  gallon,  the  barometer  and 
thermometer  being  as  above  stated. 


FRENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 
ENGLISH. 


1  metre 
1  decimetre 
1  centimetre. 
1  millimetre 
1    kilometre 

1000  metres) 

1000  metres  =100  decimetres  =  10  hectometres  =  1  kilometre  = 
3280-849  feet.  The  metre  is  the  10,000,000th  part  of  a  quadrental  aro 
of  the  meridian  or  39 '3708  inches  English. 


(or' 
•) 

MEASITRES 

3  -2808992  feet 
•3280899   „ 
•0328090   ,, 
•0032809    „ 

|  -621383   mile 

OF  LENGTH. 

1  foot  English 
1  inch   . 
1  yard       .     . 
1  perch  5J  yds. 
1  mile    . 

•3047945  metre 
•0253995    „ 
•9143835    „ 
5-0291092    „ 
1  '60932  kilometre 
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TABLE  XIV.— Continued. 


MEASURES   OF   SUKF.VK. 


1  centiare  (one 
square  metre) 
1  declare 
1  are 


10-7643  sq.  ft. 

'107-6430    „ 
1076-430    , 


1-1960 


119  -6033  sq.  yds     1  are 
11-9603    „       .    1  deciare 

centiare  or  sq. 

metre. 

100  ares  =  10  declares  =  1  hectare  =  2'471143  English  acres,  and  17 
hectares  are  nearly  equal  to  42  English  acres. 

The  old  Paris  foot  is  equal  1-06578  English  feet ;  the  French  inch  = 
1-06578  English  inches  ;  the  French  line  '08882  of  an  English  inch  ; 
the  toise  is  equal  to  6  French  feet  =  76736  English  inches  =  6 '39468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet.  The  French  square  foot  or  inch  =  1 '13581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  —  1 '21061  English. 


MEASURES  OF  SOLIDITY  AND   CAl'ACITT. 


Cubic  feet. 

1  millistere.         .         .     -0353166 
1  ceutistere    .         .     .     "353166 
1  decistere  .         .         .  3 '53166 
1  stere  (one  cubic  metre)  35 '3166 
1  decastere     .         .     353'166 
1  hectostere        .     .  3531  '66 
1  kilostere  35316 '6 


1  millilitre  . 
1  centilitre 
1  decilitre   . 
1  litre 
1  decalitre 
1  hectolitre 
1  kilolitre 


Eng.  cub.  in. 
.     '0610279 

.     .     -610279 
.  6-10279 
61-0279 

.    610-279 

.  6102-79 

61027'9 


The  stere  and  kilolitre  are  each  a  cubic  metre,  and  the  litre  is  a 
cubic  decimetre  ;  50  litres  are  nearly  11  English  gallons,  and  1  hecto- 
litre 2-751207  English  bushels. 


Mi-.vsrr.rs  OF 


'0648  gramme  =  1  grain,  and  7000  grains  =  1  Ib.  Avoirdupois. 


1  milligramme  . 
1  centigramme  . 
1  decigramme  . 
1  gramme 


•015432  grains 
•15432 
1-5432 
15-432 


1  gramme        .  15'432  grains 
1  decagramme        '02205 Ib.  avoir. 
1  hectogramme      -2205        ,, 
1  killogrammo     2-2046        „ 


1-01605  tonnes  =  1  ton  :  and  1  tonne  =  '984206  ton. 
A  gramme  is  the  weight  of  a  cubic  centimetre  of  water  and  its 
maximum  density  in  vacuo  :  1  kilogramme  =  2'6795  Ibs.  Troy  =  2'2046 
Ibs.  Avoirdupois.     1  metrical  quintal  220'46  Ibs.  Avoirdupois,  and  10 
quintals  is  equal  to  the  weight  of  a  cubic  metre  of  water. 


•S3 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 
TABLE  XIV.— Continued. 

CIRCULAR  FRENCH  AND  BRITISH  DIVISIONS. 

fl°  circular  measure  French  =     -9  degree  British. 

•9x60 
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il  minute 
1  second 

1°  circular  = 
1  minute  = 
1  second  = 


100 
•9  x  60  x  60 

100 
90 


=   '54  British  minutes. 
=  '324  British  seconds. 


=  1-i  =  1*  French 


100 


100 
•9x60 

French  minutes. 
,  100  _    100x100 
60         '9  x  60  x  60 
=  3g7T  seconds. 


=  3-08642   = 


TO  REDUCE  FRENCH  TO  BRITISH  CIRCULAR  MEASURES  AND  THE 
REVERSE. 

Put  7i    =  number  of  British  degrees,  &c.  and  nt  =•  French,  &c. 
Then  n,  =  nt  —  —  and  nt  =  n.  +  — -  . 

EXAMPLE  1.     Given  309°  57'  90"  French.     Eeduce  to  British 

309-57-90 
deduct  one- tenth      30 '95 '79 


278° '62 -11  in  decimal  measures  English 
60 


37 '2660    English  minutes  and  decimals 
60 


15-9600    English  seconds  and  decimals. 
Ans.  278°-37''15''-96  according  to  the  sexagesimal  division. 
EXAMPLE  2.     Keduce  278°  :  37' :  15" '96  British  to  French. 
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TABLE  XIV. — Continuoi. 

Make  the  seconds  decimal  parts  of  the  minutes  by  dividing  them  by 
6  and  multiplying  by  10.  This  then  becomes  278°'37'-266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minute* 
into  degrees  and  decimals  of  a  degree  by  dividing  them  by  6  and 
multiplying  by  10.  The  last  figures  then  become 

27S°'6211  =  English  degrees  and  decimals 
Add  one-ninth         30  -9579 


309  -5790. 

DECIMAL    309°  57'  90"  French  measure. 
And  so  on  for  others. 


FRENCH   MEASURES   COMPABKD   WITH    EXOLISH. 

(  1  M£TRE=  3-281  feet  =  39'371  inches  =  1'0936  yds.  =  -1988  perch. 
\  1  SQKARE  METRE  =  10'764  sq.  feet=l'196  yds.  =  '03954  sq.  perch. 

SI  FOOT='304S  metre  and  1  inch=  '0254  metre. 
1  SQUARE  FOOT=  '0929  sq.  metre. 
{1  I'KiicH  16£  feet  =  5'029  metres. 
1  SQ.  PERCH  272J  ft.  =  25-292  sq.  metres=30i  sq.  yds. 
(  A I:F,=  100  sq.  metres= 3*954  sq.  perches. 

A.  R.    r. 

'  IIi.<  TAIIK— 100  ^4ra=395'4  perches=2  1  35 '4. 
1  Ib.  avoirdupois  =  '4536  kilogramme. 
LITRE  =  cubic  decimetre  =  l-76  pint=  '22  gallon. 
I)KcM,iTUE=2-2  gallons— I'l  peck 
HKCT<>LiTUK=22  gallons  =  ll  pecks=2-75  bushels. 
Kir.diiiiAMMK  =  weight  of  one  cubic  decimetre  of  distilled   water 
=  2-2046   Ibs.   avoirdupois  =  2'679  troy    pounds  =  15432'35 
graina. 
1000  Kii.ocRAMMKS  =  2204-6  Ibs.  =nearly  1  ton  British,  is  called 

;i   Mll.LIKK  or  ToNNK  =  19'68  C\Vt. 

KII.H(;KAMME  =  IOOO  grammes  =  10, 000  decigrammes. 

7000  grains  =  1  Ib.  avoir.     437 '5  grs.  =1  oz.  avoir. 
5760  grains=l  Ib.  troy.     480  grs.  =  1  oz.  troy. 
.  OF  i ; KAVITY  j/  =  9'809  metres=32-18  feet. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS. 
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TABLE  XIV. — Continued. 

f  Length  of  a  pendulum  i 

•<  Vibrating  seconds         >  =39*13  inches  =  '994  metre. 
(.  Latitude  of  Paris          J 

/  Mean  barometer  at  30  inches  =  76  '2  centimetres. 
)1  cubic  foot  of tair  weighs  536  grains  or  1'23  ozs.   avoirdupois 
y         I'l  oz.  troy. 

'v.  Average  height  of  an  atmosphere  of  equal  density  about  5  miles. 
(  Thermometers  9°  Fahrenheit  =  5°  centigrade  =  4°  Reaumur. 
<  Freezing  point    32°  Fahrenheit  =     0°  centigrade  =  0°  Reaumur. 
{ Boiling  point    212°        „          =100°         „         =80° 


1 

212 

• 

ZH                      C 
lOOi 

5          P 

80 

.  Boiling  water. 

sa 

Freezing  water. 

^if  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade, 
jiy  increase  or  decrease  in  volume  of  a  gas  for  each  degree  Fahrenheit. 
10  Ibs.  of  distilled  water =1  gallon. 
62-32  Ibs.  of  distilled  water =1  cube  foot. 
1  cubic  foot =6 '232  gallons. 

100°  French =90°  British.    French  division  1°=100  minutes, 
1  minute  =  100  seconds. 

100  minutes  French=54  minutes  British. 

100  seconds  French =32 '4  seconds  British.     Or 

1°  French  =-9°  British. 

1'  French  ='54  British. 

1"  French  ='324  British. 
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THE  DISCHARGE  OF   WATER,   ETC. 


TABLE  XV.  Shoving  the  Weight,  Specific  Grarity,  strength,  and  elasticity  of 
various  material*  employed  by  the  Phyiicist  and  Engineer.  When  uitd  by  the 
Engineer  only  about  one-fourth  of  the  ultimate  utrenythi  here  given  should  be 
calculated  from. 


,  . 

•~  ^ 
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_CJ 
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MATERIALS. 

~4      '*• 
~      3 
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"tefii 

.1.2 
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•5  "ft 

T3   05 

-  §"^ 

^ 
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0   3 

C    ^ 

*^  —  « 

*J   ~ 
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BS 

S3 

,_  _..•", 

;;    • 

•-> 

0    j 
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*  3 

"^  1z 

ft 

r—t 

a 

X 

Acacia,  English  Growth 

11,200 

1,150,000 

16,000 

44-3 

•71 

Ash      

12,000 

1,600,000 

9',000 

17,000 

48-0 

'77 

Brass,  Cast      .        ... 

8,900,000 

10,300 

18,000 

525-0 

8'40 

Beech  

9,300 

1,350,000 

8,500 

16,000 

48  '0 

•77 

Brick,  Red       .         ... 

800 

280 

135'5 

11''--) 

1'SO 

Do.  Pale  Red       .        .    . 

"550 

-300 

130-3 

2-08 

Cedar,  American,  Fresh 

490,000 

.  5.600 

11,400 

f-6'S 

0-91 

Do.          do.        Seasoned 

4,900 

0-75 

Copper,  Cast 
Do.      Sheet         .        .    . 

19,000 
30,000 

538-0 
549-0 

8-61 
8-80 

Do.      Wire-drawn  . 

60,000 

560-0 

.Deal,  Christiana      .        .    . 

9',9oo 

1,670,000 

12,400 

070 

Do.  Memel 

10,400 

1,530,000 

B7"6 

ov.o 

Do.  Norway  Spruce     .     . 

17',000 

21-2 

0-34 

Elm,  Seasoned     . 

6^100 

700,000 

10/300 

0-59 

Fir,     New  England        .     . 

2,190,000 

10,000 

0-55 

Do.  Riga   .... 

7,000 

1,100,000 

6/100 

12,0i)0 

47-0 

0-7:, 

Glute       

8,000,000 

33,000 

153-3 

2-45 

Iron,  Wrought,  English     . 

57,000 

7-70 

Do.  in  Bars  .        .        .     . 

57,000 

487-0 

7-80 

Do.  rolled  in  Sheets  and 

Rivctted  . 

31,000 

7-S 

Cast  Iron  Carron,  cold  blast 

38^500 

17,270,000 

106,000 

16,700 

441 

7-o7 

Do.  Hot  Blast      .        .     . 

37,500 

16,080,000 

10S.OOO 

13,500 

440-0 

7-04 

Do.  Buffery 

37,500 

14,000,000 

90,000 

441-0 

7-08 

Larch,  green    .        .        .    . 

•i  000 

900,000 

3,200 

Do.   dry    .... 

0,900 

1,050,000 

6,500 

0-56 

Lead,  cast  English  .        .     . 

720,000 

1,800 

717-4 

11-44 

Do.  milled  sheet 

.  . 

3,300 

712-;' 

11-40 

Marble,  white  Italian     .     . 

liioo 

2,520,000 

lli.VO 

Do.     black  Gahvay  . 

2,700 

270 

Mortar,  old,  good   . 

"so 

1071 

1  -7.') 

Oak,  English 

10,000 

1,450,000 

6,600 

17,300 

Do.  Canadian        .        .     . 

10,500 

2,  1.00,000 

6,500 

54-5 

Do.  Dantzic 

8,700 

1,190,000 

12,700 

474 

0-76 

Do.  African  .        .        .     . 

13,000 

.  . 

tn-7 

Do.  Adriatic 

8,300 

970,000 

Pine,  pitch      .        .        .     . 

9,800 

i,2:',o,ooo 

7,800 

41  "2 

Do.  red      .... 

8,900 

1,840,000 

5/300 

41-2 

Silver,  Standard     .        .     . 

40/900 

644-5 

10-31 

Slate,  Welsh 

11^800 

15,806,000 

I)'     \\Ystinoreland       .     . 

1,290,000 

174-4 

270 

Do.    Valcntia     . 

5^200 

Steel,  soft       .... 

120,000 

7-80 

Do.   razor  tempered  . 

29,000,000 

150,000 

Stone,  granite  average  .    . 

5,500 

s'.ooo 

Do.    Rochdale  . 

Teak,  dry         .... 

14,800 

2,400,000 

12,101 

15,000 

Tin,  cast       .... 

4,600,000 

7-30 

LONDON,  August,   1880. 


INCLUDING    MANY    NEW   AND    STANDARD    WORKS    IN 

ENGINEERING,  ARCHITECTURE,  AGRICULTURE, 
MATHEMATICS,   MECHANICS,  SCIENCE,  ETC, 

PUBLISHED  BY 

CROSBY  LOCKWOOD  &  CO., 

7,  STATIONERS'-HALL   COURT,  LUDGATE   HILL,  E.C. 


ENGINEERING,   SURVEYING,   ETC. 
Numbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  WILLIAM  HUMBER,  A-M.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates, 
I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts, and  containing  400  pages  of  Text,  Imp.  410,  61.  6s.  elegantly 
and  substantially  half-bound  in  morocco. 

List  of  Contents: — 

I.  Historical  Sketch  of  some  of  the  Machinery.— XII.  Conduits.— XIII.  Dig- 
means  that  have  been  adopted  for  the  tribution  of  Water. — XIV.  Meter*,  Ser- 
Supply  of  Water  to  Cities  and  Towns. —  vice  Pipes,  and  House  Fittings. — XV.  The 
II.  Waterand  the  Foreign  Matter  usually  Law  and  Economy  of  Water  Works. — • 

XVI.  Constant  and  Intermittent  Supply. 
— XVII.  Description  of  Plates. — Appen- 
dices, giving  Tables  of  Rates  of  Supply, 
Velocities,  &c.  &c. ,  together  with  Sp<j'  iti- 
cations  of  several  Works  illustrated,  amcng 
which  will  b«  found  : — Aberdeen,  Hideford. 
Canterbury,  Dundee,  Halifax,  Lambeth, 


associated  with  it. — III.  Rainfall  and 
Evaporation. — IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of 
the  Source  of  Supply.— VII.  Wells.— 
VIII  Reservoirs.— IX.  The  Purification 


of    Water. — X.     Pumps. — XI.    Pumping  !  Rotherham,  Dublin,  and  others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  Humber's  work  is  i  hura'  tended  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  Gernuui  than 
of  English  technical  treatises." — Engineer. 

Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  WILLIAM  HUMBER,  A-M.  Inst.  C.K.,  mul  M.Inst. 
M.E.  Third  Edition,  with  115  Double  Plates.  In  2  vols.  imp.  410, 
6/.  i6j.  6d.  half- bound  in  morocco. 
"A  book— and  particularly  a  large  and  costly  treatise  like  Mr.  H umber's— whi'-h 

has   reached   its  third  edition   may  certainly  be  said  to  have  published  its  o\vn 

reputation." — Engineering. 

li 
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Humbers  Modern  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING.  First  Series.  Comprising  Civil,  Mechanical,  Marine,  1  fy- 
draulic,  Railway,  Bridge,  and  other  Engineering  Works,  &c.  l!y 
WILLIAM  HUMBER,  A-M.  Inst.  C.E.,  &c.  Imp.  410,  with 
36  Double  Plates,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawkshaw  C.E.,  F. R.S.,  &c. ,  and  descriptive  Letter-press,  Speci- 
fications, &c.  3/.  3-r.  half  morocco. 

List  (if  t!:.-  nia 


Victoria  Station  and  Roof,  L.  1 
C.  R.  (3  plates);  Southport  Pier  '2  plates); 
Victoria  Station  and  Roof,  L.  C.  iv  1J.  and 
G.  W.   R.  (6  plates);  Roof  of  Cremorne 
Music  Hall  ;  Bridge  over  G.  N.  R 
Roof  of  Station,  Dutch  Rhenish  Hail 


plates)  ;    Bridge  over  the  Thames,  West 

Kxtension  Railway  (5  \>\M 
mour  I'latos  :  Suspension  B> 
(4  plates):  The  Allen  Engine  :  Suspension 
Bridge,    Avon   (3  plates)  ;    Underground  . 
Railway  (3  plaits). 
It  will  find  tavuur  with  many  who  desire 


"  Handsomely  lithographed  and  printed. 

to  preserve  in  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  the 
guidance  of  the  contractors  for  many  important  engineering;  works." — Engineer. 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phenson,  C.E.,  &c. ,  and  descriptive  Letterpress,  Specifications, 
&c.  3/.  3J.  half  morocco. 

List  ('/  l  lie  riaies  and  Diagrams. 


Birkenhead  Docks,  Lou-  Water  Basin 
(15  plates) ;  Charing  Cross  Station  Roof, 
C.  C.  Railway  (3  plates);  Digswll  Yi.i- 

duct,  G.    N.    Railway;    Rol ry   Wood 

Viaduct,  G.  N.  Railway  ;  Iron  Permanent 


Viaduct.  Merthyr,  Tivdcgar,  and   ' 
vonny  Kailwa 

the  Thames, 

1H.  Railway   (6  plates)  ;  Albert 
Harbour,  Greenouk  (4  pla: 


Way  ;    Clydacli  Viaduct,  Merthyr,  Tre- 
degar,  and  Abergavenny  Railway  ;   Kbbw 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  410,  with  40  Double  Plates,  Portrait  of  J.  R.  M 'Clean, 
Esq.,  late  Pres.  Inst.  C.  E ,  and  descriptive  Letterpress,  Specifica- 
tions, &c.  3/.  3-r.  half  morocco. 

List  of  flu-  Flutes  a"d  Diagrams. 
MAIN     DRAINAGE,    METROPOLIS.—     Uram.-h  (•-•  plates);  Outfall  Sewer,  ]' 

North  Side. — Map  showing   lutfTi.-pption     voir  an<(  ( )utU-: 

of  Sewers  ;  Middle  Level  Sewer  (2  plates  ;     Filth    II 

Outfall  Sewer,   I'lidge  over   River  Lea  (3     and  South  • 

plates);  Outfall  Sewer,  Bridge  over  Marsh        THAMI  MENT  —  Sert: 

Lane,  North  Woolwich  Railway,  and  BDW  .   River  Wall;  Steamboat  1'ier. 

and    I'arking    Railway  Junction;   Outfall  '(2    plates);    Lan 

Sewer,    Bridge    over     Bow    and    Harking  ,  rii 

Railway  (3  plates  ;   Outf.dl  Sewer,  l!ri.:  .low  and   O; 


over    East    London    Waterworks' 

(2    plates);    Outfall    Sewer,    Reservoir  (2 


I'ier,  \\ 


and    Outlet;    Outfall    Sower,     I1 
South  S-,!,-.      <  >ntla!l  Sewer,   Bi  i  inoiid- 

JIU.MISKR'S   KliCdKH  OF  MODERN    KNGINKEKTXG.    Fourth 
Scries.     Tmji.  410,  with  36  Double  Plates,  Portrait  of  John  1 
Esq.,  late  Pivs.  Inst.  C.E,    and  descriptive  Letterpress,  Spi 
tions,  &c.     3/.  3-r.   half  morocco. 

'  tif  t/if  Plates  u>tii  Diagrams. 


Abbey  Mills   Pumping    Station,   Main 
Drainage,  Metropolis  (4  plates)  ; 
Docks  ^5  plates);   MaiKpiis  Viaduct,  San- 
tiago .<  .  ,ty  (2  plates) ; 

Railway  (:•  plates) ;  Cannon  Stre-  : 

Roof,  (  plates)  ; 

over1  the   R 
plates));  Telegraphic  -'\pp.. 


.  ;    Viaduct  over  th 
Midland  RaiK. 

(6  plates)  ;    Harbours,  Ports,  and    , 
(3  plates). 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 


Strains, Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
.  in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulpeand  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  WILLIAM 
HUMBER,  A-M.  Inst.  C.E.,  &c.  Third  Edition.  "With  nearly 
loo  Woodcuts  and  3  Plates,  Crown  8vo,  Js.  6d.  cloth. 

"The  arrangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 

could  be The  system  of  employing  diagrams  as  a  substitute  for  complex 

computations  is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Number's 
volume  is  fully  up  to  the  times." — Engineering. 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athenerum. 

"  Mr.  Humber  has  rendered  a  great  service  to  the  architect  and  engineer  by  pro- 
ducing a  work  especially  treating  on  the  methods  of  delineating  the  strains  on  iron 
beams,  roofs,  and  bridges  by  means  of  diagrams." — Builder. 

Strains. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 

with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  SHEILDS, 

M.  Inst.  C.E.    Second  Edition,  with  5  Plates.    Royal  8vo,  5-r.  cloth. 

"The  student  cannot  find  a  better  little  book  on  this  subject  than  that  written  by 

Mr.  Sheilds." — Engineer. 

Barlow  on  the  Strength  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  PETER  BARLOW,  F.R.S.  A  New  Edition, 
re  vised  by  his  Sons,  P.  W.  BARLOW,  F.R.S.,  and  W.  H.  BARLOW, 
F.R.S.  The  whole  arranged  and  edited  by  W.  HUMBER,  A-M. 
Inst.  C.E.  8vo,  400  pp.,  with  19  large  Plates,  and  numerous 
woodcuts,  iSs.  cloth. 

"The  best  book  on  the  subject  which  has  yet  appeared We  know  of 

no  work  that  so  completely  fulfils  its  mission." — English  Mechanic. 

"  The  standard  treatise  upon  this  particular  subject." — Engineer, 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  THOMAS  TREDGOLD,  C.E.  Fifth 
Edition.  To  which  arc  added,  Experimental  Researches  on  the 
Strength  and  other  Properties  of  Cast  Iron,  by  E.  HODC.KINSON, 
F.R.S.  With  9  Engravings  and  numerous  Woodcuts.  8vo,  I2J. 
cloth.  *%  HODCKINSON'S  RES  ARCHES,  separate,  price  6s. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formula,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  JOHN  NEVILLE, 
Civil  Engineer,  M.R.I.A.  Third  Edition,  carefully  revised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  8vo,  14*.  cloth. 

"Undoubtedly  an  exceedingly  useful  and  elaborate  compilation." — Iron. 

"  Alike  valuable  to  students  and  engineers  in  practice. "—Mining  Journal, ' 
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Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING  ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
TELFURD'S  Rules  for  the  same.  By  FREDERICK  W.  SIMMS, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  LAW'S  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  TRAUTWINE'S  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
8s.  6d.  cloth.  *,*  TRAUTWINE  on  Curves,  separate,  5*. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— 
ifer. 

Practical  Tunnelling. 

PRACTICAL  TUNNELLING  :  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Excavating,  Timl 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  F.  W.  SIMMS,  M.  Inst.  C.E.  Third  Edition,  Revised 
and  Extended.  By  D.  KINNEAR  CLARK,  M.I. C.E.  Imp.  Svo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  305.  cloth. 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark 
tins  added  immensely  to  the  value  of  th-;  book." — Engineer. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able,  an  Elementary  Treatise   on.     Being   an   Extension  of  Mr. 
John   Sewell's   Treatise   on   Steam.     By    D.    KINNEAR   CLARK, 
M.I. C.E.     Second  Edition  Revised.      I2mo,  4^.  cloth. 
"  Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular 
v>*V." — Iron. 

Gas- Lighting. 

COMMON  SENSE  FOR  GAS-USERS:  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfttters,  Millowners,  Architects, 
Engineers,  £c.,  &c.  By  ROBERT  WILSON,  C.E.  2nd  Edition, 
with  Folding  Plates,  Crown  Svo,  sewed,  2s.  6d. 

Bridge  Construction  in  Masonry,  Timber,  &  Iron. 

\MPLES    OF   BRIDGE  AND   VIADUCT  CONSTRUC- 
TION OF  MASOXRV,  TIMBER,  AND  IRON;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.     By  W.   DAVIS  HASKDLL,  C.E.     Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagrams.      Imp.  4to,  2/.  izs.  6J.  half  mor 
^ork  of  the  present  nature  by  a  man  of  Mr.  Haskoll's  experience,  mii^; 
invaluable.     The  tnbles  of  estimates  considerably  enhanct.  its  value." — J 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cubic  Vards 
of  Embankments,  Cuttings,  «S:c.,   of' Heights  or  Depths  up  to  an 
.tge  of  80  feet.     By  JOSEPH  BKOADHKNT,  C.  E.,  and  Fi 

ix,  C.E.     Cr.  bvo,  oblong,  5j.  cloth. 
"  The  way  in  which   accuracy  is  attained,  by  a  simple  division   of  en 

.  into  three  elements,  two  of  which  are  constant  and  one  variabU,  is  in- 
•*." — A  tluturnm. 
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Tramways  and  their   Working. 

TRAMWAYS:  their  CONSTRUCTION  and  WORKING. 
Containing  a  Comprehensive  History  of  the  System ;  an  exhaus- 
tive Analysis  of  the  Various  Modes  of  Traction,  including  II'  i  •• 
Power,  Steam,  Heated  Water,  and  Compressed  Air ;  a  Description 
of  the  varieties  of  Rolling  Stock  ;  and  ample  Details  of  Cost  and 
Working  Expenses,  with  Special  Reference  to  the  Tramways  of  the 
United  Kingdom.  By  D.  KINNEAR  CLARK,  M.  I.  C.  E.,  Author 
of  '  Railway  Machinery,'  £c.,  in  one  vol.  8vo,  with  numerous  Illus- 
trations and  thirteen  folding  Plates,  i8.f.  cloth. 

"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned 
to  the  author's  work  '  Railway  Machinery.'" — The  Engineer. 

"  Mr.  Clark's  book  is  indispensable  for  the  students  of  the  subject." — The  Builder. 
"An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this 
kind  of  locomotion,  and  a  description  and  cost  of  the  various  modes  of  laying  tram- 
ways, are  to  be  found." — Building  News. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.     By  EDWARD  DOBSON,   Assoc.  Inst.  C.  E. ,  Author  of 
"The  Art  of  Building,"  &c.     With  numerous  Plates  and  Wood 
Engravings.     Second  edition,  carefully  revised,  lamo,  $s.  cloth. 
"A  workmanlike  production,  and  one  without  possession  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — AtJuntruiit. 

"There  is  much  in  the  book  to  render  it  very  useful  to  an  engineer  proceeding  to 
the  colonies." — Engineer. 

Steam  Engine. 

TEXT-BOOK  ON   THE    STEAM    ENGINE.      By    T.    M. 
GOODEVE,  M.A.,  Barrister- at-Law,   Author  of  "The  Principles 
of  Mechanics,"    "The  Elements   of  Mechanism,"    &c.      Second 
Edition.     With  numerous  Illustrations.     Crown  8vo,  6s.  cloth. 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear 
comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no 
higher  praise." — Engineer. 

"Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  "Journal. 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.    By  an  ENGINEER.  4th  Edition.  Sewed,  6d. 
"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity." — English  Mechanic. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDLRS, 
ROOFS,  AND  OTHER  WORKS.  By  FRANCIS  CAMPIN,  C.E. 

Second  Edition,  Revised  and  Corrected.     I2mo,  3^.  cloth. 
"  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide 
they  \va.-c&.t''—MidcilcsboroitglClVeekly  News. 

Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  JAMES  ARMOUR,  C.E. 
Woodcuts,  I2mo,  cloth  boards,  3.5-. 

"A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deservine  of 
circulation  amongst  working  men." — Mining  Jotirnal. 
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Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  JOHN  HART.  Third  Edition,  with 
Plates.  Imperial  8vo,  8s.  cloth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,    with  13  large  Plates.      By  the  late  GEO.   WATSON 
BuCK,M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  II.  WATSON 
BUCK,  M.I.C.E.  ;  and  with  the  addition  of  Description  to    Dia- 
grams for  Facilitating  the  Construction  of  Oblique   Bridges,  by 
W.  H.  BARLOW,  M.  I.  C.  E.    Royal  8vo,  1 2j.  cloth.     [Justfublishcd. 
"  The  standard  text  book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's 
realise  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

Gas  and  Gasworks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS. 
Originally  written  by  SAMUEL  HUGHES,  C.E.  Sixth  Edition. 
Re-written  and  much  Enlarged,  by  WILLIAM  RICHARDS,  C.E. 
With  72  Woodcuts.  I2mo,  $s.  cloth  boards.  \JtistfnMishcd. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.  By  SAMUEL  HUGHES, 
C.E.  New  and  enlarged  edition,  I2mo,  4^.  6d.  cloth. 

L  ocomotive-Eng  ine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers    in    charge    of    Locomotive    Engines.      By   MICHAEL 
REYNOLDS,  M.  S.E.,    formerly  Locomotive  Inspector  L.  B.  and 
S.   C.   R.       Fourth    Edition,   greatly   enlarged.      Comprising    A 
KEY    TO    THE    LOCOMOTIVE   ENGINE.     With  Illustra- 
tions and  Portrait  of  Author.      Crown  Svo,  45.  6</.  cloth. 
"  Mr.  Reynolds  deserves  the  title  of  the  engine  driver's  friend." — R,-,. 
"  Mr.  Reynolds  has  supplied  a  want,  and  lias  supplied  it  well.    We  can  confidently 

recommend  the  book  not  only  to  the  practical  driver,  but  to  every  one  who  takes  ail 

interest  in  the  performance  of  locomotive  engines." — Engineer. 

.   "Mr.   Reynolds  has  opened  a  new  chapter  in   the  literature  of  the  day.     This 

admirable  practical  treatise,  of  the  practical  utility  of  which  we  have  to  speak  in 

terms  of  warm  commendation." — Atlienecitm. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIYK  ENGINEER,  FIREMAN, 
AND  ENGINE- l',OY  :  comprising  a  Historical  Notice  of  the 
Pioneer  Locomotive  Engines  and  their  Inventors,  with  a  project 
for  the  establishment  of  Certificates  of  Qualification  in  the  Running 
Service  of  Railways.  ]'y  MICHAEL  I:  Author  of 

"Locomotive-Engine  Driving."      With  Illustrations,  and  Portrait 
of  George  Stephenson.     Crown  Svo.     4J.  6</.  cloth. 
"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of 
to-day  more  forcibly  than  anything  written  by  Dr.  Smiles." — Eiiglisli  Mi 

"  We  should  be  glad  to  sec  this  book  in  the  possession  of  every  one  in  the  king- 
dom i  lay,  hands  on  a  locomotive  engine" — Iron. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING.  By  M.  REYNOLDS, 
Author  of  "Locomotive  Engine  Driving.''  [In  the  press. 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  CHARLES  F.  T.  YOUNG,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  I/.  4^.  cloth. 
"  We  can  most  heartily  commend  this  book." — Engineering. 

"Mr.  Young's  book  on  '  Fire  Engines  and  Fire  Brigades'  contains  a  mass  of 
information,  which  has  been  collected  from  a  variety  of  sources.  The  subject  is  so 
intensely  interesting  and  useful  that  it  demands  consideration." — Building  News. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  LIEUT. -GEN.  FROME,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  CAPTAIN  CHARLES  WARREN,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6s.  cloth. 

Tables  of  Curves. 

TABLES    OF   TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.     By  ALEXANDER 
BEAZELEY,  M.  Inst.  C.E.    Second  Edition.    Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat-pocket  size,  3^.  6J. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 

the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 

of  work." — Engineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 

cards,   which  he  puts   into    his    own   card-case,   and    leaves  the    rest  behind."— 

A  thentfunt. 

Engineering  Field^ivork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  DAVIS  HASKOLL,  C.E. 
Numerous  folding  Plates.  In  One  Volume,  demy  8vo,  I/.  5.5-., 
cloth  boards. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
A  Practical  and  Theoretical  Essay.  By  J.  H.  WATSON  lii CK, 
M.  Inst.  C.E.,  Resident  Engineer,  London  and  North-Wesleru 
Railway.  Illustrated  with  Folding  Plates.  Royal  Svo,  I2s. 
cloth.  \JustpiMished. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  tiie  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.  We  commend  the  book  to 
the  engineering  profession,  and  to  all  who  have  to  build  similar  shafts."— Building 
News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save 
much  time  and  obviate  many  mistakes."— Colliery  Guardian. 
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Survey  Practice. 

AID  TO  SURVEY  PRACTICE  :  for  Reference  in  Surveying, 
Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Laud 
and  Sea.  With  Tables,  Illustrations,  and  Records.  l!y  l.nvvis 
D'A.  JACKSON,  A-M. I.C.E.  Author  of  "Hydraulic  Manual  and 
Statistics,"  "Canal  and  Culvert  Tables,"  &c.  Large  crown,  !Svu, 
I2s.  6d.,  cloth.  \Just  published. 

"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.     V, 
recommend  this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the 
accomplished  surveyor. "—At/iciuennt. 

"  A  general  text  book  was  wanted,  and  we  are  able  to  speak  with  confide: 
Mr.  Jackson's  treatise.  .  .  .  We  cannot  recommend  to  the  student  who  I 
something  of  the  mathematical  principles  of  the  subject  a  better  course  than  to  : 
his  practice  in  the  field  uuder  a  competent  surveyor  with  a  study  of  Mr.  J;« 
useful  manual.  The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  student." — Building  Neva, 

"The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  expe- 
rience which,  aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  both  a  very 
useful  one  and  very  agreeable  to  read." — Builder. 

Sanitary  Work. 

SANITARY  -WORK  IN  THE   SMALLER    TOWNS    AM) 

IN  VILLAGES.     Comprising  : — I.    Some  of  the  more  Common 

Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water 

Supply.  By  CHAS.  SLAGG,  Assoc.  Inst.  C.E.   Crown  8vo,  3.$-.  cloth. 

"A  very  useful   book,  and  may  be  safely  recommended.     The  author  has  had 

practical  experience  in  the  works  of  which  he  treats." — Builder. 

Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.   Com- 
prising  an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.     By  G.  D.  DEMPSKY,  C.E.    With  large  additions 
ing  of  the  MODERN  LOCOMOTIVE,  by  I).  KIN.MCAR  CLARK,  O.K., 
M.I.C.E.,  Author  of  "Tramways,  their  Construction  and  Working," 
<\:c.,  &c.   With  numerous  Illustrations.    I2mo.  jy.  6(7.  cloth  l> 
"The  student  cannnt  fail  to  profit  largely  by  adopting  this  as  his  preliminary  text- 
book."— Iron  and  Coal  Tntt/cs  A', 

"  Seems  a  model  of  what  an  elementary  technical  book  should  be.." — Academy. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy  ;  consisting  of  an  Abridg- 
ment of  "A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."     By  C.   W.   WILLIAMS,  A.I.C.K.     With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel— Coal,  Coke,    Wood,   Peat,    Petroleum,  &c.  ;   by  D.    KIN- 
NEAR  CLARK,  C.E.,  M.I. C.E.     Second  Edition,  revised.     With 
numerous  Illustrations.      I2mo.  4s.  cloth  boards.     [Just put . 
"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and 
factory  treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
HIM;Y  LA\V,  C.E.  Revised  and  Condensed  by  D.  Kl.\ 
CLARK,  C. E.— II.  Recent  Practice  in  the  Construction  of  Roads 
nnd  Streets  :  including  Pavements  of  Stone,  Wood,  and  Asphalte. 
I!y  1).  Ki:-.  i;.  <.!..,  M.I. C.E.  I2mo,  ^s.  cloth. 

which  every  borough  surveyor  and  engineer  must  possess,  and  which  will 
be  of  coHMilerublg  service  to  architect*,  builders,  and  property  owiiers  generally. "— 
' 
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Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  DAVIS  HASKOLL,  C.E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  woodcuts.  4th  Edition,  enlarged.  Cr.  8vo.i2.r.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existing  all  the  same." — Athen&um. 

"  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability 

and  utility,  to  be  extensively  patronised  by  the  engineering  profession.'" — Mining 

Journal. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  ALEX.  J.  S.  GRAHAM, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.  l8mo,  2s.  6d.  cloth. 

"  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizan. 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  JOHN  MAXTON,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Third  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.  I2mo,  cloth,  strongly  bound,  4-f. 

"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office."— Engineering. 

"  Indispensable  for  teachers  of  engineering  drawing."— Mechanics'  Magazine. 

Weales  Dictionary  of  Terms. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCH/EOLOGY,  the  FINE  ARTS,  &c.  By  JOHN  WEALE. 
Fifth  Edition,  revised  and  corrected  by  ROBERT  HUNT,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  "  Ure's  Dictionary  of  Arts," 
&c.  izmo,  cloth  boards,  6s. 

"  The  best  small  technological  dictionary  in  the  language."— Architect. 
"There  is  no  need  now  to  speak  of  the  excellence  of  this  work  ;  it  received  the  ap- 
proval of  the  community  long  ago.     Edited  now  by  Mr.  Robert  Hunt,  and  published 
in  a  cheap,  handy  form,  it  will  be  of  the  utmost  service  as  a  book  of  reference  scarcely 
to  be  exceeded  in  value." — Scotsman. 

"  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete."-  Mining  Journal. 
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MINING,   METALLURGY,   ETC. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS   MINERALS   AND 

MIXING.     By  D.C.  DAVIES,  E.G.S.,  author  of  "A  Treatise  on 

Slate  and  Slate   Quarrying."     With  numerous  wood  engravings. 

Second  Edition,  revised'  Cr.  8vo.  I2J.  6d.  cloth.      \Jnst published. 

"  \\  iiliout  question,  the  most  exhaustive  and  the  most  practically  useful  work  we 

have  seen  ;  the  amount  of  information   given  is  enormous,  and  it  is  given  concisely 

and  intelligibly." — Mining  Jonrnul. 

_  "  The  volume  is  one  which  no  student  of  mineralogy  should  be  without." — Colliery 
Guardian, 

"The  author  has  gathered  together  from  all    available  sources  avast  amount  of 
really  u-eful  .     As  a  history  of  the  present  state  of  mining  throughout 

tho  world  this  book  has  a  real  value,  and  it  supplies  an  actual  want,  for  no  such  infor- 
mation has  hitherto  been  brought  together  within  such  limited  space." — Athetuciiin. 

Slate  and  Slate  Quarrying. 

A  TREATISE  ON   SLATE   AND   SLATE   QUARRYING, 
Scientific,  Practical,  and  Commercial.     By  D.  C.  DAVIIS.  !•'. G.S. , 
Mining  Engineer,  &c.     With  numerous  Illustrations  and  Eolding 
Plates.   Second  Edition,  carefully  revised.  121110,  3-r.  6d.  cloth  boards. 
"  Mr.  Davieshas  written  a  useful  and  practical  hand-book  on  an  important  industry, 
with  all  the  conditions  and  details  of  which  he  appears  familiar." — Engineering. 
"  The  work  is  illustrated  by  actual  practi~e,  and  is  unusually  thorough  and  lucid. 
Mr.  Davies  has  completed  his  work  with  industry  and  skill." — Guilder. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.     By  II.  BAUERMAN,  F.G.S.,  Associate  of  the 
Royal   School   of  Mines.     With  numerous  Illustrations.     Fourth 
Edition,  revised  and  much  enlarged.       iamo,  cloth  boards,  5-r. 
"  Has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points,  while  all 
material  matters  are  very  fully  and  thoroughly  entered  into.'  — Standard. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  WILLIAM  MORGANS,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
I2mo,  3.r.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  6s.  Together,  gs.  cloth  boards. 
"  Students  in  the  Science  of  Minim*,  and  Overmen,  Captains,  Managers,  and 

Viewers    may    gain  practical  knowledge  and  useful   hints  by  the   study    of  Mr. 

Morgans'  Manual." — Colliery  Guardian. 

Mining,  Surveying  and  Valuing. 

TI1K    MINERAL    SURVEYOR    AND    VALUER'S    COM- 
PLETE  GUIDE,    comprising   a   Treatise   on   Improved  Mining 
Surveying,  with   new   Traverse   Tables  ;  and   Descriptions  of  Im- 
proved  Instruments  ;  also  an  ExpoMtion  of  the  Correct  Principles 
of  Laying  out  and  Valuing   Home   and    Foreign   Iron  an: 
Mineral  Properties.     By  WILLIAM  LINTKUN,   Mining  and  Civil 
neer.  With  four  Plates  of  Diagrams,  Plans,  £c.,  l2ino,4J.  cloth. 
"Contains  much  valuable  information  given  in  a  small  compass,  and  which, 
as  we  have  tested  it,  is  thoroughly  trustworthy." — Iron  and  Coal  Trades  Review. 
*„*  The   above,    bound  with  Tin '.MAN'S  TAIU.KS.     (See  page  20.) 
•js.  bit.  cloth. 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING  :  a  Rudimentary  Treatise  on.     By 
WARINGTON  W.   SMYTH,  M. A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown.     New  edition,  revised  and  corrected. 
I2mo,  with  numerous  Illustrations,  4;.  cloth  boards. 
"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE  ;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms 
of  Pumping  Machinery.  By  STEPHEN  MICHELI,,  Joint-Author 
of  "  The  Cornish  System  of  Mine  Drainage."  8vo.  [/»  the  press. 

NAVAL  ARCHITECTURE,  NAVIGATION,  ETC. 

Pocket  Book  for  Naval  Architects  &  Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULA,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  CLEMENT  MACKROW,  Naval 
Draughtsman,  Associate  of  the  Institution  of  Naval  Architects. 
With  numerous  Diagrams,  &c.  Fcap.,  strongly  bound  in  leather, 
with  elastic  strap  for  pocket,  I2J.  6d. 

"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels." 
— Engineer. 

"There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require 
to  refresh  his  memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow's 
book." — English  Mechanic. 

"Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 
useful  volume." — A  thentemn. 

Granthams  Iron  Ship-Building. 

ON  IRON  SHIP-BUILDING;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  also  considerably  enlarged,  I2mo,  cloth  limp. 
By  JOHN  GRANTHAM,  M.  Inst.  C.E.,  &c.  2.1.  2s.  complete. 

"  Mr.  Grantham's  work  is  of  great  interest.  It  will,  we  are  confident,  command  an 
extensive  circulation  among  shipbuilders  in  general.  By  order  of  the  Board  of  Admi- 
ralty, the  work  will  form  the  text-book  on  which  the  examination  in^iron  ship-building 
of  candidates  for  promotion  in  the  dockyards  will  be  mainly  based." — Engineering. 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULA FOR  MARINE  ENGINEERS.  By  FRANK  PROCTOR, 
A.I.N.A.  Second  Edition,  revised  and  enlarged.  Royal  32mo, 
leather,  gilt  edges,  with  strap,  4r. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 
"  Scarcely  anything  required  by  a  naval  engineer  appears  to  have  been  for- 
gotten."— Iron. 
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L  ight-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS  ;  being  a  Report  of 
a  Tour  of  Inspection  made  in  1873.  By  Major  GEORGE  H. 
ELLIOT,  Corps  of  Engineers,  U.S.A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.  8vo,  2ls.  cloth. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivera, 
Towns'  Water  Supplies,  Docks  and  Harbours  ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  DAVIS  HASKOLL,  C.  E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  8vo,  12s.  6d.  cloth. 

"A  most  useful  and  well  arranged  book  for  the  aid  of  a  student" — Builder. 

"  Of  the  utmost  practical  utility,  and  may  be  safely  recommended  to  all  students 
who  aspiie  to  become  clean  and  expert  surveyors. "—Mining  Journal. 

Storms. 

STORMS  :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  WILLIAM  BLASIUS.  Crown  Svo,  IGJ-.  6d.  cloth  boards. 

Rudimentary  Navigation. 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. By  JAMES  GREENWOOD,  B.A.  New  and  enlarged  edition. 
By  W.  H.  ROSSER.  I2mo,  $s.  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  HENRY  LAW,  C.E.  Together  with  a  Scries  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  J.  R. 
YOUNG,  formerly  Professor  of  Mathematics  in  Belfast  College. 
New  Edition.  I2mo,  4^.  cloth  boards. 

Navigation  (Practical],  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  S,-a- 
Book,   by  JAMES  GREENWOOD  and   W.    II.   ROSSER  ;    together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing  of  the   Problems.     By   HENRY   LAW,   C.K.,   and   Pr 
J.  R.  YOUNG.     Illustrated  with  numerous  \  -avings  and 

Coloured  Plates.     I2mo,  Js.  strongly  half  bound  in  leather. 

WEALE'S   RUDIMENTARY    SERIES. 

Thefillowi/ig  books  in  Naval  Architecture,  etc.,  are  published 

above  scries. 

MASTING,  MAST-MAKING,  AND  RIGGING  OK  SHU'S.     l',y 
KOBEKI •  KIITI.NI:,  \.A.    fourteenth  Edition.    I2mo,  2.r.  6«/.  cloth. 
SAILS  AND  SAIL-MAKING.   Tenth  Edition,  enla.; 

KIITINC.:,  N.A.      Illustrated.     I2mo,  3-r.  cloth  boards. 
NAVAL  ARCHITECTURE.     By  JAMES  PEAKE.     Fourth  Edition, 

will.  .     I2ino,  4-f.  cloth  boards. 

MAKINi;   ENGINES,    AM)    STKAM    VESSELS.     Ky   ROBERT 
.  cnth  Edition.      121110,  3.?.  6</.  cloth  bu 
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ARCHITECTURE,   BUILDING,   ETC. 
Construction.  — • — 

THE  SCIENCE  of  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  WYNDHAM  TARN,  M.A., 
Architect.  With  47  Wood  Engravings.  Demy  8vo.  &s.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

"  No  architectural  student  should  be  without  this  hand-book." — Architect. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE  ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  WICKES,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of  Eng- 
land," &c.  31  Plates,  4to,  half  morocco,  gilt  edges,  \l.  is. 
***  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 

Specifications,  Estimates,  &c.      zl.  zs.  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 
architect,  and  they  will  prove  very  valuable  and  suggestive.  — Building  News. 

Useful  Text- Book  for  Architects. 

THE  ARCHITECT'S  GUIDE  :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  &c.,  &c.  By  FREDERICK  ROGERS,  Architect, 
Author  of  "Specifications  for  Practical  Architecture,"  &c.  With 
numerous  Illustrations.  Crown  8vo,  6s.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.|  it 
would  be  hard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

Taylor  and  Cresy  s  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  TAYLOR,  Esq.,  F.S.A.,  and  EDWARD  CRESY,  Esq. 
New  Edition,  thoroughly  revised,  and  supplemented  under  the 
editorial  care  of  the  Rev.  ALEXANDER  TAYLOR,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Chaplain  of  Gray's  Inn.  This  is 
the  only  book  which  gives  on  a  large  scale,  and  with  the  precision 
of  architectural  measurement,  the  principal  Monuments  of  Ancient 
Rome  in  plan,  elevation,  and  detail.  Large  folio,  with  130  Plates, 
half-bound,  3/.  3.5-. 
***  Originally  published  in  two  volumes,  folio,  at  iS/.  iSs. 

Vitruvius'  A  rchitecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  JOSEPH  GWILT,  F.S.A.,  F.R.A.S. 
Numerous  Plates.  I2mo,  cloth  limp.  $s. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.     By  GEORGE  WIGHT- 
WICK,    Architect.      New  Edition,  revised  and  enlarged.     By  G. 
HUSKISSON  GUILLAUME,  Architect.     lamo,  cloth  boards,  4.?. 
"Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessary  a  purchase  as  a  box  of  instruments." — Architect. 

"  A  large  amount  of  information,  which  young  architects  will  do  well  to  acquire,  if 
they  wish  to  succeed  in  the  everyday  work  of  their  profession."— English  Mecluuii.. 

Drawing  for  Bidlders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  GEORGE  PYNE.  With  14  Plates,  410,  ^s.  6J.  boards. 
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The  House-Owners  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair  ?  A  Price-Book  adapted  to  the 
Use  of  Unprofessional  People  as  well  as  for  the  Architectural 
Surveyor  and  Builder.  By  the  late  JAMES  D.  SIMON,  A.R.I.B.A. 
Edited  and  Revised  by  FRANCIS  T.  W.  MILLER,  Surveyor.  With 
numerous  Illustrations.  Second  Edition,  with  the  prices  carefully 
corrected  to  present  time.  Crown  8vo,  cloth,  y.  6J. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over." — Field. 

"  A  very  handy  book  for  those  who  want  to  know  what  a  house  will  cost  to  build, 
alter,  or  repair." — £nglis/i  Mechanic. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught -power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  ROBERT 
WILSON,  C.E.,  Author  of  "  Treatise  on  Steam  Boilers,"  &c.,  £c. 
Crown  8vo,  3.?.  6ii.  cloth. 

Civil  and  Ecclesiastical  Building. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  CHURCH  RESTORATION.    By  Sir  EDMUND  EEC 
Bart.,    LL.D.,    Q.C.,    F.R.A.S.,    Chancellor  and  Vicar-General 
of   York.      Author  of  "Clocks  and    Watches  and    Bells,"    &c. 
Second  Edition,  I2ino,  5^.  cloth  b^n 
"A  book  which  is  always  amusing  and  nearly  always  instructive.     Sir  E.  Beckett 

will  be  read  for  the  raciness  of  his  style.     We  are  able  very  cordially  to  recommend 

all  persons  to  read  it  for  themselves.     The  style  throughout  is  in  the  highest  degree 

condensed  and  epigrammatic."  —  Times. 

"  We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 

in  the  building  trt,n—£iaUer. 

Architecture,  Ancient  and  Modem. 

RUDIMENTARY    ARCHITECTURE,    Ancient  and  Modern. 
Consisting   of    VITRUVIUS,     translated    by    JOSEPH    GWILT, 
F.S.A.,    £c.,    with    23  fine  copper   plates;    GRECIAN   Archi- 
tecture,    by     the     EAKL    of    A  ;     the    ORDERS    of 
Architecture,    by  W.    H.  LEEDS,  Esq. ;  The  STYLES   of  Archi- 
tecture   of    Various    Countries,    by   T.     TAI.HOT    BURY  ;     The 
PRINCIPLES  of  DESIGN  in  Architecture,  by  E.  L.  GAK 
In  one  volume,  half-bound  (pp.  1,100),  copiously  illustrated,  12s. 
%*  Sold  separately i  in  /:<•'<>  7'c/s.,  as  f^lUnvs — 

ANCIENT    ARCHITECTURE.      Containing   Gwilt's    Vitruvius 
and  Aberdeen's  Grecian  Architecture.  i.alf-bound. 

N. B.  —  This  is  the  only  edition  of  1'ITKLTIL 'S  pnwrable  at  a 
•moderate  price. 

MODERN  ARCHITECTURE.    Containing  the  Orders,  by  L« , 
The  Styles,  by  Bury;  and  Design,  by  Garbett.     6s.  half-bound. 

House  Painting. 

IlorsE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING:  a  Practical  Manual  of.  With  9  Coloured 
Plates  of  Woods  and  Marbles,  and  nearly  150  W  .vings. 

LIS  A.  DAVIDSON,  Author  of  "  Building  Construction, 

•;d  Edition,  carefully  revised.      121110,  6s.  cloth  boards. 
'•  Contain!  a  ma^s  of  information  of  use  to  the  amateur  and  of  value  to  the  practical 
'i  Mechanic. 
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Plumbing. 

PLUMBING  ;  aText-book  to  the  Practice  of  the  Art  or  Craft  of  the 

Plumber.     With  chapters  upon   House-drainage,   embodying  the 

latest   Improvements.     By  W.   P.   BI;CIIAN,    Sanitary   Engineer. 

Second  Edition,  enlarged,  with  30x3  illustrations,  I2mo.     4*.  cloth. 

"The  chapters  on  house-drainage  may  be  usefully  consulted,  not  only  by  plumbers, 

but  also  by  engineers  and  all  engaged  or  interested  in  house-building." — Iron. 

Handbook  of  Specifications. 

THE    HANDBOOK    OF    SPECIFICATIONS  ;   or,    Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up   Specifications  and   Contracts   for   Works  and   Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.     By  Professor  THOMAS  L.    DONALD- 
SON,   M.I.B.A.     New  Edition,  in  One  large  volume,   Svo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  I/,  nj.  6</. 
"In  this  work  forty-four  specifications  of  executed  works  are  given.  .   .  .  Donald- 
son's Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
FREDERICK  ROGERS,  Architect.  Svo,  15^.  cloth. 

%*  A  volumeof  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above. — Extract  f ram  Preface. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slaier,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  EDWARD  DOBSON,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments. By  E.  WYNDHAM  TARN,  M.A.,  Svo,  icu.  6d.  cloth. 

"  Well  fulfils  the  promise  of  its  title-page.  Mr.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  work." — Engineering. 

Beaton  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  BEATON,  Author  of  "Quantities  and 
Measurements."  Second  Edition.  Waistcoat-pocket  size.  u.  6</. 

Beatoris  Builders' and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS :  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.  By  A.  C.  BEATON.  Second  Edit. 
Waistcoat -pocket  size.  is.  6V/. 
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Builder  s  and  Contractor  s  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK  for  1880,  containing  the  latest  prices  of  all  kinds 
of  Builders'  Materials  and  Labour,  and  of  all  Trades  connected 
with  Building,  &c.,  &c.  The  whole  revised  and  edited  by 
F.  T.  W.  MILLER,  Architect  and  Surveyor.  Fcap.  half-bound,  4J. 


CARPENTRY,   TIMBER,   ETC. 
TredgobPs  Carpentry,  new  and  cheaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  ivc., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  THOMAS  TREDGOLD, 
C.E.  Edited  by  PETER  BARLOW,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (i  I  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  410,  published  at  zl.  zs.,  reduced  to  I/.  5,?.  cloth. 
"  Ought  to  be  in  every  architect's  and  every  builder's  library,  and  those  who 
do  not  already  possess  it  ought  to  avail  themselves  of  the  new  issue." — Builder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.  The  additional  plates  are  of  great  intrinsic  value." — Building  News. 

Grandy's   Timber  Tables. 

THE   TIMBER   IMPORTER'S,    TIMBER   MERCHANT'S, 

and   BUILDER'S    STANDARD   GUIDE.      By   RICHARD  E. 

GRANDY.     Comprising  : — An  Analysis  of  Deal  Standards,  Home 

and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 

for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  \ 

including  all  intermediate  Expenses,  Freight,  Insurance,  &c.,  &c.  ; 

together  with   Copious  Information   for  the   Retailer  and  Builder. 

2111!  Kdition.    Carefully  revised  and  corrected.     I2mo,  3-f.  6d.  cloth. 

"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 

cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires.1' — English  Mechanic. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehen.-.  !  Tables  for 

the    Use  of  Timber  Importers,  Captains  of   Ships,    Shipln 

I'-TS,    and   all   Dealers  in   Wood  whatsoever.       By  WILLIAM 
RICHARDSON,  Timber  Broker.     Crown  8vo,  6s.  cloth. 

Tables  for  Packing-Case  Makers. 

PACKING-CASK  TAI'.LKS  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  WILLIAM  RICHARDSON',  Accountant. 

M  Edition.    Oblong  4to,  3-r.  6</.  cloth. 

"Will  save  much  labour  and  calculation  to  packing-case  makers  and  those  who  us« 
packing-cases." — Grocer.  "  Invaluable  labour-saving  tables." — Ironmonger. 
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Hortoris  Measurer. 

THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.  ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
\Vilh  just  allowances  for  the  bark  in  the  respective  species  of 
trees,  and  proper  deductions  for  the  waste  in  hewing  the  trees, 
&c. ;  also  a  Table  showing  the  solidity  of  hewn  or  eight-sided 
timber,  or  of  any  octagonal-sided  column.  By  RICHARD  HORTON. 
Third  edition,  with  considerable  and  valuable  additions,  I2mo, 
strongly  bound  in  leather,  5^-. 

Hortoris  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.  By  R.  HORTON.  I2mo,  2s.  leather. 

Nicholsons  Carpenter s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  PETER  NICHOLSON'S  standard  work.  A  new  Edition,  revised 
by  ARTHUR  ASHPITEL,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  GKORGE  PYNE.  With  74  Plates,  4to,  I/,  u.  cloth. 

Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred,  &c.,  &c.  Also  a  variety  of  other  valuable  information. 
By  WILLIAM  DOWSING,  Timber  Merchant.  Third  Edition,  Re- 
vised. Crown  8vo,  3-r.  cloth. 

"Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it." — Hull  Advertiser. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Essay  on  the  Strength  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c.  By  W.  RICHARDSON.  Fcap.  8vo,  y.  6</.  cl. 

Woodworking  Machinery. 

WOODWORKING  MACHINERY;  its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and 
the  Economical  Conversion  of  Timber.  Illustrated  with  Lxamples 
of  Recent  Designs  by  leading  English,  French,  and  American 
Engineers.  By  M.  Powis  BALE,  M.I.M.E.  Large  crown  8vo, 
I2.r.  6d.  cloth.  \7'tst  published. 

"Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much 
nformation  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  con- 
version of  timber." — Architect. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have 
seen.  The  author  is  a  thorough  master  of  his  subject."— KniMing  Xcws. 

"  It  should  be  in  the  office  of  every  wood-working  factory."—  Jiiigiisft  Mechanic . 
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MECHANICS,   ETC. 
Mechanic  s  Workshop  Companion. 

THE    OPERATIVE     MECHANIC'S    WORKSHOP    COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT.    By  W.  TEMPLETON.      mh  Edit.,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c. ;  and  an  Extensive  Table  of  Powers  and  Roots,  I2mo,  5-r.  bound. 
"  As  a.  text-book  in  which  mechanical  and  commercial  demands  are  judiciously  met, 
TEMM.I-:TO.N'S  CI>.TU>AMON  stands  unrivalled."  —  Mtc/ittiiics'  J/agu 

"  Admirably  adapted  to  the  wants  of  a  very  large  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work." — Building  ,Av;iM. 

Engineers  and  Machinist's  Assistant. 

THE  ENGINEER'S.  MILLWRIGHTS,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  WM.  TEMPLETON.  6th  Edition.  i8mo,  2s.  6./.  cloth. 
"A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not 
>iy  be  made." — Building  J^eivs. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Engineers, 
Timber  Merchants,  Builders,  &c.  ByJ.  HAWKINGS.  Fcp.  3^.  6J.  cl. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  ERNST  ALBAN,  Practical  Machine  Maker, 
Plan,  Meckknberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  POLE,  F.R.S.,  M.I.C.E.,  &c.  With  28  Plates,  8vo,  i6s.  (>J.  cl. 

Steam  Boilers. 

A  TREATISE  OX  STEAM  BOILERS:  their  Strength,  Con- 
struction,  and  Economical  Working.  By  R.  WILSON,  C.E. 
Fifth  Edition.  I2mo,6.r.  cloth. 

"  The  best  work  on  boilers  which  has  c>me  under  our  notice  " — EngineenMf. 

"  The  best  treatise  that  lias  ever  been  published  on  steam  boilers." — /?/:... 

J  \nser  in  J\  I  at  ion. 

POWER  IN  MOTION:  1  lorse  Power,  Toothed  Wheel  Gearing, 
Long  and  Short  Driving  Bands,  Angular  Forces,  \c.  Hy  JAMK.S 
ARMOUR,  C.E.  With  73  Diagrams.  121110,  y.,  cloth. 

Mechanics. 

THE     llA\Di;ooK     OF     MECHANICS.       I'.v 
LARI>\KR,  D.C.L.,  i  .r  of  Natural  Pin  • 

.   in  University  < 

and  con-iderably  Enlarged,  by  I'.KNJ\MIN  I.OIAVY,  F.R.A.S. 
NVitli  378  Illustrations  i'o~t  S\o,  6s.  cloth. 

.•iion-,  throughout  are  stiul:ouv]y  |io|iular,  and  care  has  been  taken  lo 

•  the  industrial  arts,  and  to 
the  practical  busin  Mining  Jsurittil. 
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MATHEMATICS,  TABLES,  ETC. 
Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
PURE  MATHEMATICS — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  MIXED  MATHEMATICS— comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  OLINTHUS  GREGORY, 
LL.D.,  F.R.A.S.  Enlarged  by  HENRY  LAW,  C.E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  YOUNG,  formerly  Profes- 
sor of  Mathematics,  Belfast  Coll.  With  13  Plates.  8vo,  I/,  u.  cloth. 
"  The  engineer  or  architect  will  here  find  ready  to  his  hand,  rules  for  solving  nearly 

every  mathematical  difficulty  that  may  arise  in  his  practice.    The  rules  are  in  all  cases 

explained  by  means  of  examples  clearly  worked  out." — Builder. 

"  One  of  the  most  serviceable  books  for  practical  mechanics. . . .  " — Building  Newt . 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  II. 
DOWLING,  C.E.  and  Edit.,  revised  and  enlarged.  8vo,  IDJ.  6d.  cl. 
"Their  accuracy  has  been  certified  by  Prof.  Airy,  Astronomer-Royal."—  Builder. 

Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  corporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  WILLIAM  INWOOD,  Architect.  The  2ist  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  F&DOR  THOMAN,  cf  the  Societf 
Credit  Mobilier  of  Paris.  I2mo,  8s.  cloth. 
"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will 

find  the  present  edition  of  eminent  service." — Engineering. 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic  ;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  I-'..  W.  TARN, 
M.A.,  Architect,  Author  of  "The  Science  of  Building,"  &c. 
With  164  Illustrations.  Demy  8vo.  12s.  6d.  cloth. 

Mathematical  Instruments. 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 
Adjustment,  Testing,  and  Use  ;  comprising  Drawing,  Measuring, 
Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
HEATHER,  M.A.  Enlarged  Edition,  for  the  most  part  entirely 
re-written.  Numerous  Woodcuts.  I2mo,  5*.  cloth. 
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Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND    INTEREST  and  ANNUITIES; 

with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 

Interest,  Discount,  Annuities,   &c.,  in  all  their  Applications  and 

Uses  for  Mercantile  and  State  Purposes.      By  FEDOR  THOMAN, 

of  the  Societe  Credit  Mobilier,  Paris.    3rd  Edit.,  I2mo,  4.1.  6d.  cl. 

"  A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his 

subject." — Professor  A.  de  Morgan. 

Iron  and  Metal  Trades1  Calculator. 

THE     IRON     AND     METAL     TRADES'     COMPANION  : 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from   is.   per  cwt.  to   H2J.  per 
cwt.,  and  from  one  farthing  per  Ib.  to  u.  per  Ib.     Each  Table  ex- 
tends from  one  Ib.  to  100  tons.  ByT.DowNiE.  396  pp.,  gs.,  leather. 
"  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  like  them  before 
existed. " — Building 

Iron  and  Steel. 

'IRON  AND  STEEL':  a  Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Information  for  Ironmasters  and 
their  Stocktakers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling 
Mills  ;  Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  andConsultingEngineers  ;  Architects,  Builders, 
<.^c.  By  CHARLES  HOARE,  Author  of  'The  Slide  Rule,'  cVc.  Eighth 
Edition.  With  folding  Scales  of  "  Foreign  Measures  compared 
with  the  English  Foot,"  and  "fixed  Scales  of  Squares,  Cubes, 
and  Roots,  Areas,  Decimal  Equivalents,  £c."  Oblong,  321110,  6s., 
leather,  elastic-band. 
"  For  comprehensiveness  the  book  has  not  its  equal." — Iron. 

Comprehensive  WcigJit  Calculator. 

THE  WLIC.IIT  CALCULATOR;  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  a':  300  Pro- 
gressive Rates,  from  I  Penny  to  1 68  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition  (mostly  to  be  performed  at  sight), 
will  afford  an  aggregate  of  10,266,000  Answers  ;  the  whole  being 
calculated  and  designed  to  ensure  Correctness  and  promote 
Despatch.  By  Accountant,  ShdYield. 

Edition.     Royal  Svo,  I/.  5^.,  strongly  half-bound. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE  :  comprising  several  Series  of  Tables 
for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
l>y  which  maybe  ascertained  the  exact  profit  arising  irom  any 
of  using  Discounts,  either  in  the  Pu: 

the  method  of  cither  Altering  a  Rate  of  Discount,  or  Advancing  a. 

,    so   as  to  produce,  by  one  operation,  a  sum  that  will  realise 

any  required  profit  after  allowing  one  or  more  Discounts  :  to  which 

.aided  Tables  of  Profit  or  Advance  from  i^  to  90  per  cent., 

Tables  of  Discount  from  I J  to  98!  per  cent.,  and  Tables  of  Commis- 

Irom  \  to  10  per  cent.    By  1 1  IN  KV  1  IARBKN,  Acco. 
New  Edition,  Demy  Svo.    £i  5^.,  half-bound, 
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SCIENCE   AND   ART. 
Dentistry.  — ' — 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising also  Useful  Formulas,  Tables,  and  Receipts  for  Gold 
1'late,  Clasps,  Solders,  etc.,  etc.  By  CHARLES  HUNTER.  With 
munerous  Wood  Engravings.  Crown  8vo,  7.1-.  6d.  Cloth. 
"The  work  is  very  practical." — Monthly  Review  of  Dental  Surgery. 

"An  authoritative  treatise We  can  strongly  recommend  Mr.  Hunter's 

treatise  to  all  students  preparing  for  the  profession  of  dentistry,  as  well  as  to  every 
mechanical  dentist." — Dublin  Journal  qf  .Medical  Science. 

"  The  best  book  on  the  subject  with  which  we  are  acquainted."— Medical  I'n-tt 
ami  Circular. 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  HERBERT 
EDWARDS  WRIGHT,  B.A.  Crown  8vo,  3-r.  6d.  cloth. 

"  A  thoroughly  scientific  treatise  in  popular  language.  It  is  evident  that  the 
author  has  mastered  his  subject  in  its  scientific  aspects." — Morning  Advertiser. 

"  We  would  particularly  recommend  teachers  of  the  art  to  place  it  in  every  pupil's 
hands,  and  we  feel  sure  its  perusal  witt  be  attended  with  advantage." — Brciver. 

Gold  and  Gold-Working. 

THE  PRACTICAL  GOLD- WORKER  ;  or,  The  Goldsmith's 
and  Jeweller's  Instructor.  The  Art  of  Alloying,  Melting,  Re- 
ducing, Colouring,  Collecting  and  Refining.  The  processes  of 
Manipulation,  Recovery  of  Waste,  Chemical  and  Physical  Pro- 
perties of  Gold,  with  a  new  System  of  Mixing  its  Alloys  ;  Solders, 
Enamels,  and  other  useful  Rules  and  Recipes,  &c.  By  GEORGE 
E.  GEE.  Crown  8vo,  TS.  (>d.  cloth. 

"A  good,  sound,  technical  educator,  and  will  be  generally  accepted  as  an 
authority.  It  gives  full  particulars  for  mixing  alloys  and  enamels,  is  essentially  a  book 
for  the  workshop,  and  exactly  fulfils  the  purpose  intended." — Horological  Journal. 
"  The  best  work  yet  printed  on  its  subject  for  a  reasonable  price.  We  have  no 
doubt  that  it  will  speedily  become  a  standard  book  which  few  will  care  to  be  with- 
out."— Jeweller  and  Metalworker. 

"  We  consider  that  the  trade  owes  not  a  little  to  Mr.  Gee,  who  has  in  two  volumes 
compressed  almost  the  whole  of  its  literature,  and  we  doubt  n  ->t  that  many  a  youne 
beginner  will  owe  a  part  of  his  future  success  to  a  diligent  study  of  the  pages  which 
are  peculiarly  well  adapted  to  his  use." — Clerkmnvell  Press. 

"  It  is  essentially  a  practical  manual,  intended  primarily  for  the  use  of  working 
jewellers,  but  is  well  adapted  to  the  wants  of  amateurs  and  apprentices,  containing, 
as  it  does,  trustworthy  information  that  only  a  practical  man  can  supply." — £t^f(UM 
Mechanic. 

Silver  and  Silver  Working. 

THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  refining  and  melting  the  metal,  its  solders,  the 
preparation  of  imitation  alloys,  methods  of  manipulation,  preven- 
tion of  waste,  instructions  for  improving  and  finishing  the  surface 
of  the  work,  together  with  other  useful  information  and  memoranda. 
By  GEORGE  E.  GEE,  Jeweller,  &c.  Crown  8vo,  Js.  6d.  cloth. 

"This  work  is  destined  to  take  up  as  good  a  position  in  technical  literature  as  the 
Practical  Goldivorker,  a  book  which  has  passed  through  the  ordeal  of  critical  ex- 
aminat'on  and  business  tests  with  great  success."—  Jeweller  and  Metalworker. 

"  The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  workers  in 
the  trade  will  speedily  discover  its  merits  when  they  sit  down  to  study  it."— English 
Mechanic. 

"This  work  forms  a  valuable  sequel  to  the  author's  Practical  GolthOorXtr,  and 
supplies  a  waut  long  felt  in  the  silver  trade."— Silversmith's  Trade  Journal. 
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Electric  Lighting. 

Kl.KCTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 
Directions  for  the  Working  of  Galvanic  Batteries,  Electric  Lamps, 
and  Dynamo-Electric  Machines.     By  J.   W.  UKQUHART,   ' 
Author  of  "  Electroplating  :  a  Practical  Handbook."     Edi 
F.    C.    Wi-i:i!,     M.I.C.E.,    M.S.T.E.,      With    94    Illustrations. 
Crown  Svo,  fs.  6./.  cloth.  [Just  published. 

"  It  is  the  only  work  at  present  available,  which  gives  in  language  intelligible  for 
the  most  part  to  the  ordinary  reader,  a  general  but  concise  history  of  the  means 
which  have  been  adopted  up  to  the  present  time  in  producing  the  electric  light." — 
Metropolitan. 

"An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  not  fail  to  read  it." — Colliery  Guardian. 

"  As  a  popular  and  practical  treatise  on  the  subject,  the  volume  may  be  thoroughly 
recommended." — Bristol  Mercury. 

Elcctrotyping,  etc. 

ELECTROPLATING:  A  Practical  Handbook,  including  the 
Practice  of  Electrotyping.  By  J.  W.  URQUHART,  C.E.  With 
numerous  Illustrations.  Crown  Svo,  $s.  cloth. 

"The  volume  is  without  a  rival  in  its  particular  sphere,  and  the  lucid  style  in 
which  it  is  written  commends  it  to  those  amateurs  and  experimental  electrotyper* 
who  have  but  slight,  if  any,  knowledge  of  the  processes  of  the  art  to  which  they  turn 
their  attention."—  Design  and  li 

"  A  large  amount  of  thoroughly  practical  information." — Telegraphic  Journal. 

"  An  excellent  practical  mantnl." — /.' 

"  The  information  given  appears  to  be  based  on  direct  personal  knowledge.  .  .  . 

:ice  is  sound,  and  the  style  is  always  clear.''—  Athenauin. 

'Any  ordinarily  intelligent  person  may  become  an  adept  in  electro-deposition 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  him  or  her  the  way." 
—BuiUtr. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols.  royal  Svo,  extra 
cloth  boards,  and  lettered,  4/.  icw. 

"A  compendious  encyclopaedia  of  military  knowledge." — Edinburgh  Rn>inu. 

"  The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences." 
—  Volunteer  Service  Gazette. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  .MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  MACAULAY,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
Svo,  cloth,  with  separate  Atlas  of  12  Plates,  I2J.  complete. 

Dye-  Wares  and  Colours. 

THE    MANUAL   of  COLOURS   and    DYE- WARES >:    their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
•  he  Use  of  Dyers,  Printers,  Drysalters,  Brokers,   £c.      By  J. 
W.  SI.ATKK.     Post  Svo,  7-r.  6V/.  cloth. 

"A  complete  encyclopedia  of  the  tnntfria  tine/aria.  The  information  is  full 
and  p:  methods  of  determining  the  value  if  articles  liable  to  sophistica- 

tion, are  practical  as  well  as  valuable."— Chemist  and  Druggist. 
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The  Alkali  Trade — Sulphuric  Acid,  etc. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  ]!leaching 
Powder.  By  JOHN  LOMAS,  Alkali  Manufacturer,  Ncwcastle-upou- 
Tyne  and  London.  With  232  Illustrations  and  Working  Draw- 
ings, and  containing  386  pages  of  text.  Super-royal  8vo, 
2/  12s.  6(t.  cloth.  {Just published. 

This  work  provides  (i)  a  Complete  Handbook  for  Intending  Alkali  and  Sulphuric 
Acid  Manujacturcrs,  ami  for  those  already  hi  the  field  who  desire  la  improve  their 
plant,  or  to  become  practically  acquainted  with  the  latest  processes  and  developments 
if  the  trade  ;  (2)  a  Handy  Volume  which  Manufacturers  can  put  into  the  hands  of 
their  Managers  and  Foremen  as  a.  useful  guide  in  their  daily  rounds  of  duty. 

SYNOPSIS  OF  CONTENTS. 


Chap.  I.  Choice  of  Site  and  General 
Plan  of  Works— II.  Sulphuric  Acid— 
III.  Recovery  of  the  Nitrogen  Com- 
pounds, and  Treatment  of  Small  Pyrites 
--IN'.  The  Salt  Cake  Process— V.  Legis- 
lation upon  the.  Noxious  Vapours  Ques- 
tion— VI.  The  Hargreaves'  and  Jones' 
Processes — VII.  The  Railing  Process — 
VIII.  Lixiviation  and  Salting  Down — 


IX.  Carbonating  or  Finishing — X.  Soda 
Crystals  — XI.  Refined  Alkali— XII. 
Caustic  Soda  — XI II.  Bi-carhunate  of 
Soda  — XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste— XVI.  Central 
Remarks — Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upon 
the  Noxious  Vapours  Question. 


"The  author  has  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  boeii 
published  in  any  language." — Engineer. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  232  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  in  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  ot  this  trade  receives  the  fullest  attention.  The  book  has  been 
produced  with  great  completeness." — Atlicntctim. 

"The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will  'read 
up'  any  conceivable  subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors.  This  most  valuable  book,  which 
we  trust  will  be  generally  appreciated,  we  must  pronounce  a  credit  alike  to  its  author 
and  to  the  enterprising  film  who  have  undertaken  its  publication." — Chemical 
Review, 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS  ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  NORMANDY,  Author  of  "  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  Rose's 
"Treatise  on  Chemical  Analysis."  New  Edition.  Enlarged,  and 
to  a  great  extent  re-written,  by  HK.NKY  M.  NOAM,  Ph.  D.,  E.R.S. 
With  numerous  Illustrations.  Cr.  8vo,  I2s.  (xi.  cloth. 

"We  recommend  this  book  to  the  careful  perusal  of  every  one  ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."— 
Medical  Times. 

"Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written."—  X at  lire. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DIONYSIUS  LARDXER,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  1200  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  £i  is.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  $is.  6d. 

OPINIONS    OF   THE    PRESS. 

"  This  series,  besides  affording  popular  but  sound  instruction  on  scientific  su" 
with  which  the  humblest  man  in  ttie  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  '  common  things 'which  every  well-wisher  of  his  kind  is  anxious  to 
promote.  Many  thousand  copies  of  this  serviceable  publication  have  been  printed, 
in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
;md  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappjmt- 
nient." — Times. 

"A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  induc- 
tive powers,  and  a  popular  style  of  treatment." — Spc*  i 

"The  'Museum  of  Science  and  Art'   is  the  most  valuable  contribution  tl  at  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir 
Bremstrr  in  t/te  North  Britisk  Review. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiner. 

*»*   Separate  looks  formed  from  the  above,  suitable  for  Workmen's 
Libraries,  Science  Classes,  &>c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.  233  Illustrations,  cloth  gilt,  5J-. 

THE    MICROSCOPE.       Containing   Optical    Images,    Magnifying 
-cs,   Origin  and   Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.     147  Illustrations,  cloth  gilt,  zs. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.  201  Illustrations,  cloth  gilt,  2s.  6J. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather 

•  •s,  the  Thermometer,   the  Barometer,  Sound,  &c.     85  Illus- 
trations, cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.  89  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  Ilu\v  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  PlancN.  Eight,  Comets, 
Eclipses,  Astronomical  Influences,  &c.  182  Illustrations,  4?.  6J. 

Till:  P,EE  AM)  WHITE  ANTS:  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Ac<|uin.-muits,  the  various  forms  of  Telegraphy  in  Actual 
Operation.  100  Illustrations,  cloth  gilt,  I*.  6</. 
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Dr.  Lardners  Handbooks  of  Natural  Philosophy. 

*«*   TJie  following  five  volumes,  though  each  is  Complete  in  itself,  nnd  to  be  pur- 
chased  separately,  form  A  COMPLETE  COURSE  OF  NATURAL  PHILOSOPHY,  and  are 


more  projoima  meinaas  oj  matnematicm  investigation.  Tht  style  is  studiously 
popular.  It  has  been  the  author's  aim  to  supply  Manuals  such  as  are  required  by 
the  Student,  the  Engineer,  the  A  rtisan,  and  the  superior  classes  in  Schools. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost 
rewritten  by  BENJAMIN  LOEWY,  F.R.A.S.  With  378  Illustra- 
tions. Post  8vo,  6s.  cloth. 

"  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  have  be«n  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  branches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life." — Mining  Journal. 

THE   HANDBOOK  of  HYDROSTATICS   and  PNEUMATICS. 
New   Edition,    Revised   and   Enlarged    by   BENJAMIN    LOEWY, 
F.R.A.S.  With  236  Illustrations.  Post  8vo,  5-r.  cloth. 
"  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,'  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News. 

THE    HANDBOOK    OF    HEAT.       Edited    and    almost  entirely 
Rewritten  by  BENJAMIN  LOEWY,  F.R.A.S.,  etc.     117  Illustra- 
tions.    Post  8vo,  6s.  cloth. 
"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 

any  cloudiness  or  lurking  doubts  behind." — Engineering. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  OLVER  HARDING,  B.  A.  298  Illustrations.  Post  8vo,  5.r.  cloth. 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
illustrated. "—  Mechanics'  Magazine. 

THE    HANDBOOK    OF    ELECTRICITY,    MAGNETISM,  and 
ACOUSTICS.     New  Edition.     Edited  by  GEO.  CAREY  FOSTER, 
B.A.,  F.C.S.    With  400  Illustrations.     Post  8vo,  5^.  cloth. 
"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 
the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 
work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Dr.  Lardner  s  Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."  By  DIONY- 
SIUS  LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Philosophy 
and  Astronomy  in  University  College,  London.  Fourth  Edition. 
Revised  and  Edited  by  EDWIN  DUNKIN,  F. R.S.,  Royal  Observa- 
tory, Greenwich.  With  38  Plates  and  upwards  of  100  Woodcuts. 
In  I  vol.,  small  8vo,  550  pages,  9-c.  6d.,  cloth. 

"Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a  form— certainly  none  at  the  price  at  which  this  is 
offered  to  the  public." — Athenerum. 

"  We  can  rto  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at 
the  same  time  correct — acquaintance  with  this  sublime  science." — Quarterly  Journal 
of  Science, 

Dr.  Lardners  Handbook  of  Animal  Physics. 

THE    HANDBOOK    OF     ANIMAL    PHYSICS.      By    DR. 
LARDNER.     With   520  Illustrations.    New  edition,   small    8vo, 
cloth,  732  pages,  *js.  6d. 
"  We  have  no  hesitation  in  cordially  recommending  it."— Educational  Times. 


26  WORKS  IN  SCIENCE   AND  ART,  ETC., 

Dr.  Lardncrs  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  DR.  LARPNF.R. 

328  Illustrations.      Sixth  Edition.      I  vol.  3-r.  6d.  cloth. 
"Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  DR.  LARDNER. 

With  190  Illustrations.     Second  Edition.     I  vol.  3^.  6d.  cloth. 
"Clearly  written, well  arranged,  and  excellently  illustrated." — Gardeners'  Chronicle 

Dr.  Lardners  Electric  Telegraph. 

THE    ELECTRIC   TELEGRAPH.     By  DR.  LARDNER.    New 
Edition.     Revised   and  Re-written,   by  E.  B.  BRIGHT, F.R.A.S. 
140  Illustrations.     Small  8vo,  zs.  6d.  cloth. 
' '  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph."— Eng.  Meclianic. 

Electricity. 

A  MANUAL  of  ELECTRICITY;  including  Galvanism,   Mag- 
uetism,  Diamagnetism,  Electro-Dynamics,  Magneto- Electricity,  and 
the  Electric  Telegraph.     By  HENRY  M.  NOAD,  Ph.D.,    F.C.S. 
Fourth  Edition,  with  500  Woodcuts.    8vo,  I/.  4^.  cloth. 
"  The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
HENRY  M.  NOAD,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  care- 
fully Revised.  With  an  Introduction  and  Additional  Chapters 
by  W.  H.  PREECE,  M.I.C.  E.,  Vice- President  of  the  Society  of 
Telegraph  Engineers,  &c.  With  470  Illustrations.  Crown  Svo, 
I2J-.  6d.  cloth.  [Just published. 

"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  studeu 
W.  H.  Preece,  Esq.,  vide  •'  introduction." 

"We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable. " — A  tlien.i  inn. 

"  An  admirable  text-book  for  every  student— beginner  or  advanced — of  electricity." 
— Engineering. 

"  A  most  ela  bora te  compilation  of  the  facts  of  electric  ity  and  magnetism. " — Papula  r 
Scien, 

"  May  be  recommended  to  students  as  one  of  tha  best  text-books  on  the  subject 
that  they  can  have.  .  .  .  Mr.  Preece  appears  to  have  introduced  all  the  newest 
inventions  in  the  shape  of  telegraphic,  telephonic,  and  electric-lighting  apparatus." — 
English  Mechanic. 

"  The  work  contains  everything  that  the  student  can  require,  it  is  well  illustrated, 
clr;irly  written,  and  possesses  a  good  index." — Academy. 

"  i  )ne  of  the  best  and  most  useful  compendiums  of  any  branch  of  science  in  our 
literature." — I>vn. 

"  Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text-book  of  elec- 
tricity has  grown  into  an  admirable  handbook." — Westminster  J\, 

Geology  and  Genesis. 

THK  T\VIX   KMCOKDS   OF    CREATION;   or,  Geology  and 
their  Perfect    Harmony  and   Wonderful   Concord.      l!y 
Gr.dKCE  W.  VICTOR  I.F.YAUX.  Numerous  Illustrations.  Fcap.  8vo, 
$s.  cloth. 

"  A  valuable  contribution  to  the  evidences  of  revelation,  and  disposes  very  conclu- 
sively who  would  set  God's  Works  a.  'A'ord. 
No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposcd." — The  Rock. 
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Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on— i. 
Alleged  Discrepancies ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supernaturally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars,  &c.  By  Prof.  J.  R.  YOUNG.  Fcap.  5^.  cl. 

Geology. 

A  CLASS-BOOK  OF  GEOLOGY.  Consisting  of  "  Physical 
Geology,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  RALPH  TATE. 
With  more  than  250  Illustrations.  Fcap.  8vo,  5-r.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev. 
JOHN  CARR,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.  iSmo,  5.5-.  cl. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  WOODWARD,  A.L.S. 
With  Appendix  by  RALPH  TATE,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.  3rd  Edition.  Cr.  8vo,  "js.  6d.  cloth. 

Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.  By  Sir  EDMUND  BECKETT,  Bart,  (late  E.  B. 
Denison),  LL.D.,  Q.C.,  F.R.A.S.  Sixth  edition,  revised  and  en- 
larged. Limp  cloth  (No.  67,  Weale's  Series),  4^.  6</.;  cloth  bds.  $s.  6d. 

"As  a  popular  and  practical  treatise  it  is  unapproached." — English  Mechanic. 

"The  best  work  on  the  subject  probably  extant.  The  treatise  on  bells  is  un- 
doubtedly the  best  in  the  language. " — Engineering. 

"The  only  modern  treatise  on  clock-making." — Horological  Journal. 

Grammar  of  Colouring. 

A    GRAMMAR    OF    COLOURING,    applied    to    Decorative 
Painting  and  the  Arts.     By  GEORGE  FIELD.     New  edition,  en- 
larged.    By  ELLIS  A.  DAVIDSON.     With  new  Coloured  Diagrams 
and  Engravings.     I2ino,  3^.  6d.  cloth. 
"  The  book  is  a  most  useful  resume  of  the  properties  of  pigments." — Builder. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIG- 
TIONARY  OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,  including  methods  of  Painting, 
Cleaning,  Re-Lining,  and  Restoring,  Principal  Schools  of  Painting, 
Copyists  and  Imitators.  By  PHILIPPE  DARYL.B.  A.  Cr.8vo,3J.6</.cl. 

Woods  and  Marbles  (Imitation  of}. 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  VAN  DER  BURG,  Directors  of  the  Rotterdam  Painting 
Institution.  Illustrated  with  24  full-size  Coloured  Plates  ;  also 
12  Plain  Plates,  comprising  154  Figures.  Folio,  2/.  12s.  6d.  bound. 
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Delamotte's  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 
use  of  Beginners  :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  DELA- 
MOTTE.  Small  410,  9-r.  Elegantly  bound,  cloth  antique. 
"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much 

good  sense,  the  author  chooses  from  collections  accessible  to  all,  axe  selected  with 

judgment  and  knowledge,  as  well  as  taste." — Atlieiurum. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  German,  Italian,  Arabesque,  Initials,  Monograms, 
Crosses,  &c.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  zs.  6d.  ornamental  boards. 
"  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop 

legends  over  shop-doors,   who  letter  church  walls  with  pithy  sentences  from  the 

Decalogue,  this  book  will  be  useful" — Athenteum. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c.,  &c.  Collected  and 
engraved  by  F.  DELAMOTTE,  and  printed  in  Colours.  New  and 
Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6</.  ornamental  boards. 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 

and  numerals  can  be  formed." — Standard. 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  DELAMOTTE.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  WILLIS  BROOKS.  Small  410,  6s.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  Oblong  royal  8vo,  is.  6d.  in  ornamental  boards. 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  LADY.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  2s.  6d. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learn 
from  '  A  Lady's '  publication." — Atlutueum. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  Ly  THOMAS  JOHN  Gr  i 
Painter,  and  JOHN  ' TIM  us,  F.S.A.  Fourth  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  small  8vo,  6j.  cloth. 
%*  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 
Art  at  South  A 

"  Contains  a  large  amount  of  original  matter,  agreeably  conveyed." — Builder. 
"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
from  the  careful  perusal  of  this  unpretending  but  comprehensive  treatise." — A  rt  Journal, 
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AGRICULTURE,  GARDENING,  ETC. 
Youatt  and  Burn's  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  WILLIAM  YOUATT,  ESQ.,  V.S.  I2th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  ROBERT  SCOTT  BURN.  One  large  8vo. 
volume,  860  pp.  with  244  Illustrations.  I/,  is.  half-bound. 

' '  The  standard  and  text-book,  with  the  farmer  and  grazier. " — Farmer's  Magazine. 

"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures." — Mark  Lane  Express. 

History,  Structure,  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  SPOONER,  M.R.V.C.,  &c. 
Fourth  Edition,  -with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.  366  pp.,  45.  cloth. 

Production  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  comprehensively  treating 
of  the  Breeding,  Rearing,  Fattening,  and  Slaughtering  of  Meat- 
yielding  Live  Stock  ;  Indications  of  the  Quality  ;  Means  for  Pre- 
serving, Curing,  and  Cooking  of  the  Meat,  etc.  BY  JOHN  EWART. 
Numerous  Illustrations.  Cr.  8vo,  55.  cloth. 

"A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thotightfu  consideration  at  the  present  time." — Meat  ami  Provision  Trades'  Review. 

Donaldson  and  Biirris  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  JOHN 
DONALDSON.  With  considerable  Additions,  Illustrating  the  more 
Modern  Practice,  by  R.  SCOTT  BURN.  With  Illustrations.  Crown 
8vo,  6s.  cloth. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.     By  R.  SCOTT  BURN. 
Soils,    Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,   and 
Poultry — Utilisation  of  Town  Sewage,  Irrigation,  &c.  New  Edition. 
In  I  vol.  1250  pp.,  half-bound,  profusely  illustrated,  12s. 
"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  in  any  of  his  operations." — Observer. 

Amateur  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agnail- 
turists,  being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
Pigs,  &c.  By  R.  SCOTT  BURN.  With  numerous  Illus.  Fcp.  6s.  d. 
"Acomplete  introduction  to  the  whole  round  of  farming  practice." — John  Bull. 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Peculiarities  of  its  Farms,  Methods  of  Farming, 
the  Setting-out  of  Farms  and  their  Fields,  Construction  of  Roads, 
Fences,  Gates,  and  Farm  Buildings,  of  Waste  or  Unproductive 
Lands,  Irrigation,  Drainage,  Plantation,  &c.  By  R.  SCOTT  BURN. 
Numerous  Illustrations.  Second  Edition.  121110,  3-r.  cloth. 

"A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates." — Join  nal  of  Forestry. 

"  A  very  useful  vade-mecum  to  such  as  have  the  care  of  land." — Gkfv. 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiza- 
tion of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
and  their  Domestic  Animals.  By  ROBERT  SCOTT  BURN,  Author 
of  "Outlines  of  Modern  Farming,"  &c.  With  numerous  Illustra- 
tions, 121110,  3.5-.  cloth  boards.  \Jiist  published. 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  I?y 
R.  SCOTT  BURN,  Author  of  "Outlines  of  Modern  Farming," 
Editor  of  "The  Complete  Grazier,"  &c.  With  Illustrations. 
Consisting  of  the  above  Two  Works  in  One  vol.,  6s.  half-bound. 

\_Jnst  published. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.     Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known   Vegetable    and   Herb,   with    cultural  directions  for    the 
management   of  them  all  the   year  round.     By  GEORGE  M.   F. 
GLEN  NY.     With  Illustrations,  I2mo,  2s.  cloth  boards. 
"  As  a  guide  to  hardy  kitchen  gardening,  this  book  will  be  found  trustworthy  and 
useful." — -\~t»-t/t  British  Agriculturist. 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  BREUIL,  revised  by  GEO.  GLENNY.  187  Cuts. 
121110,  4J.  cloth. 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING ;    or,    How   to 
Grow  Vegetables,  Fruits,  and  Flowers.     With  Practical  Notes  on 
Soils,    Manures,    Seeds,    Planting,    Laying-out    of    Gardens    and 
Grounds,  \c.      By  S.  Woon.     Third  Edition,  with  considerable 
Additions,  &c.,  and  numerous  Illustrations.     Cr.  Svo,  $s.  cloth. 
"  A  rery  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
The  practical  directions  are  excellent."-  . 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  .£620  a  year,  by  the  Cultivation  of  Fntits 
and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  realise  ^176  per  annum  clear  Profit.  By  SAMUEL 
WOOD.  3rd  Edition,  revised.  Cr.  Svo,  2s.  cloth. 

"  \Yc  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman's  gardener,  but  to  the  market  grower."— Gardener's  M<^ 
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Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  nn.l 
Tuberous-rooted  Flowering  Plants  to  Perfection.  A  Manual 
adapted  for  both  the  Professional  and  Amateur  Gardener.  l!y 
SAMUEL  WOOD,  Author  of  "Good  Gardening,"  etc.  With 


Tree  Planting. 

THE  TREE  PLANTER  AND  PLANT  PROPAGATOR: 
Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees, 
Fruit  Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.  By  SAMUEL  WOOD.  I2mo,  2s.  6d.  cloth. 

Tree  Pruning. 

THE  TREE  PRUNER :  Being  a  Practical  Manual  on  the 
Pruning  of  Fruit  Trees.  Including  also  their  Training  and  Renova- 
tion, with  the  best  Method  of  bringing  Old  and  Worn-out  Trees 
into  a  state  of  Bearing;  also  treating  of  the  Pruning  of  Shrubs, 
Climbers,  and  Flowering  Plants.  With  numerous  Illustrations. 
By  SAMUEL  WOOD,  ramo,  zs.  6d.  cloth.  \Jtut  published. 

Tree  Planting,  Pruning,  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PKUNKU. 
By  SAMUEL  WOOD,  Author  of  "  Good  Gardening,"  &c.  Consisting 
of  the  above  Two  Works  in  One  Vol.,  5-f.  half-bound. 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM:  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.  By  JAMES  PINK.  With  Illustrations.  Cr.  8vo,  zs,  cl. 

"  A  well  written    little   volume.     The  author  gives  good  practical   instructions 
under  both  divisions  of  his  subject." — Agricultural  Gazette. 

Hudson's  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT :  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  HUDSON,  C.E. 
New  Edition,  royal  321110,  leather,  gilt  edges,  elastic  band,  4^. 

Ewarfs  Land  Improver's  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULA, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty. By  JOHN  EWART,  Land  Surveyor  and  Agricultural  Engineer. 
Royai  32mo,  oblong,  leather,  gilt  edges,  with  elastic  band,  41. 

Complete  Agricultural  Surveyor  s  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK  ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  "js.  6d. 
"We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relating  to 

the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination   with  .Mr. 

Ewart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentioned  .  . 

It  is  most  useful  as  a  manual  for  reference."— North  of  England  Farmer. 


32    WORKS  PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 

"A    Complete  Epitome  of   the  Laws   of   this 
Country'' 

EVERY  MAN'S  OWN  LAWYER  ;  a  Handy-Book  of  the  Prin- 
ciples  of  Law  and  Equity.  By  A  BARRISTER,  i/th  Edition, 
Revised  to  the  end  of  last  Session.  Including  a  Summary  of  the 
principal  Acts  of  the  past  Session  (1879),  viz.  : — The  Habitual 
Drunkards  Act,  the  Sale  of  Food  and  Drags  Amendment  Act, 
The  Limited  Liability  Amendment  Act,  The  Racecourses  Licensing 
Act,  &c.,  &c.  With  Notes  and  References  to  the  Authorities. 
Crown  8vo,  cloth,  price  6s.  &/.  (saved  at  every  consultation). 

COMPRISING   THE    LAWS    OF 

BANKRUPTCY— BILLS  OF  EXCHANGE —  Wife— Executors  and  Trustees— Guardian 
CONTRACTS  AND  AGREEMENTS — COPY-  :  and  Ward — Married  Women  and  Infants 
RIGHT— DOWER  AND  DIVORCE — ELEC-  I  — Partners  and  Agents— Lender  and  Bor- 
TIONS  AND  REGISTRATION — INSURANCE  '  rower— Debtor  and  Creditor — Purchaser 
—  LIBEL  AND  SLANDER — MORTGAGES—  ;  and  Vendor — Companies  and  Associations 
SETTLEMENTS— STOCK  EXCHANGE  PRAC-  i  —Friendly  Societies — Clergymen,  Church- 
TICE — TRADE  MARKS  AND  PATENTS —  wardens — Medical  Practitioners,  &c.  — 
TRESPASS,  NUISANCES,  ETC. — TRANSFER  Bankers  —  Fanners — Contractors — Stock 
OF  LAND,  ETC. — WARRANTY  —  WILLS  and  Share  Brokers — Sportsmen  and  Game  - 
AND  AGREEMENTS,  ETC.  Also  Law  for  j  keepers — Farriers  and  Horse-Dealers — 
Landlord  and  Tenant — Master  and  Ser-  Auctioneers,  House- Agents— Innkeepers 
vant — Workmen  and  Apprentices — Heirs.  1  &c. —  Pawnbrokers  —  Surveyors  —  Kail- 
Devisees,  and  Legatees — Husband  and  '  ways  and  Carriers,  &c.,  &c. 

"  No  Englishman  ought  to  be  without  this  book." — Engineer. 

"What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  rea 
when  some  knotty  point  requires  ready  solution." — BelCs  Life. 

"  A  concise,  cheap,  and  complete  epitome  of  the  English  law,  so  plainly  written 
that  he  who  runs  may  read,  and  he  who  reads  may  understand." — Figaro. 

"  A  useful  and  concise  epitome  of  the  law." — Law  Magazine. 

"  Full  of  information,  fitly  expressed  without  the  aid  of  technical  expressions,  and 
to  the  general  public  will,  we  doubt  not,  prove  of  considerable  worth." — Jinriioinist. 

Aiictioneers  Assistant. 

THE     APPRAISER,    AUCTIONEER,    BROKER,    HOUSE 
A  XI)   ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,   Sale,  or  Renewal  of 
Leases,   Annuities,   and  Reversions,   and   of  property  generally ; 
with  Prices  for  Inventories,  &c.   By  JOHN  WHEELER,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  NORRIS.     Royal  32mo,  cloth,  5.?. 
"  A  neat  and  concise  book  of  reference,   containing  an  admirable  and   clearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  furniture,  &c." — Standard. 

Auctioneering. 

AUCTIONEERS  :   THEIR  DUTIES   AXD   LIABILITIES. 
By  ROBERT  SQUIBBS,  Auctioneer.     Demy  8vo,  los.  6d.  cloth. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 

mid  Land  ;  including  the  Law  of  Dilap: 

Fixtures;  with  Explanations  and  Examples  of  all  kinds  of  Valua- 
tions, and  useful  Information  and  Advice  on  Building.     l!y   : 
TARBUCK,  Architect  and  Surveyor.    2nd  Edition.   I2ino,  3-r.  6J.  cl. 

'We  are  clad  to  be  able  to  recommend  it." — Kuilder. 

"  The  advice  is  thoroughly  practical." — Laiu  Journal. 

Jir.uli'u;  j-,  Agntw,  *  Co.,  FrioUn,  WUitdriuis,  London. 
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Books :  Rudimentary,  Scientific, 

"WEALE'S  SERIES,"  ETC. 


A  NEW   LIST   OF 

WEALE'S    SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fifty  distinct  works  in  almosf  every  de- 
pariment  of  Science,  Art,  and  hducation,  recommended  to  the  notice  of  Engineers, 
Architects,  Builders,  Artisans,  and  Students  generally,  as  well  as  to  those  interested 
in  Workmen's  Libraries,  Literary  and  Scientific  Institutions,  Colleges,  Schools, 
Science  Classes,  fyc.,  fyc. 

fS"  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

"  Amongst  the  literature  of  technical  education,  WEALE'S  SERIES  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  CROSBY 
LOCKWOOD  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
mation upon  the  several  subjects  down  to  the  present  time." — Mining 
Journal. 

"  It  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  of 
WEALE'S  SERIES." — Engineer. 

"Everybody — even  that  outrageous  nuisance  'Every  Schoolboy' — knows 
the  merits  of  '  WEALE'S  RUDIMENTARY  SERIES.'  Any  persons  wishing  to 
acquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  the  books  they  require.  The  Series  is  indeed  an  inexhaustible  mine 
of  literary  wealth." — The  Metropolitan. 

"WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 


LONDON,  1862. 
THE  PRIZE  MEDAL 

"tt'as  awarded  to  the  Publishers  of 

"WEALE'S  SERIES." 


CROSBY    LOCKWOOD    &    CO., 

7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL,  LONDON,  B.C. 


WEALE  S   RUDIMENTARY   SERIES. 


WEALE'S  RUDIMENTARY   SCIENTIFIC   SERIES. 


%*  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated  ;  but  the.  volumes  marked 
with  a  t  may  also  be  had  strongly  bottnd  in  cloth  boards  fordd. 
extra. 

N.B. — In  'ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating  error,  to  quote  ike 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


Xo       ARCHITECTURE,  BUILDING,  ETC. 

"16."  ARCHITECTURE— ORDERS- -The  Orders  and  their  ^Esthetic 
Principles.     By  W.  H.  LI-EDS.     Illustrated,     is.  6d. 

17.  ARCHITECTURE— STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.     By  T.  TALBOT  BURY,  F.R.I. B.A.,  &c.    Illustrated,     as. 
*»*  ORDERS  AND  STYLES  OF  ARCHITECTURE,  in  One  Vol.,  35.  Get. 

1 8.  ARCHITECTURE— DESIGN—  The   Principles    of   Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  GARBETT,  Architect.  Illustrated,  as. 
'..•'   The  three  preceding    Works,    in    One    handsome    Vol.,   half    bound,     entitled 
"MODERN  ARCHITECTURE,"  price  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.     General  Principles 

of  Construction,  Materials  used  in  building.  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.  By  E.  DOBSON,  2S.J 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.     By  EDW. 

DOBSON, M.R.I.B.A.  With  Additions  by  C.  TOMI.INSON,  F.R.S.  Illustrated,  3s.t 

25.  MASONRY  AND    STONECUTTING,   Rudimentary  Treatise 

on  ;  in  which  the  Principles  of  Masonic  Projection  and  their  application  to 
the  Construction  of  Curved  Wing- Walls,  Domes,  Oblique  Bridges,  and 
Roman  and  Gothic  Vaulting,  are  concisely  explained.  By  EDWARD  DOBSON, 
M.R.I.B.A.,  &c.  Illustrated  with  Plates  and  Diagrams.  23.  6d.J 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  a  Rudimentary 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  lie-ton,  Pile-driving,  Caissons,  and 
Cofferdams.  Bv  K.  DOHSON,  M.R.I.B.A.,  &c.  Fourth  Edition,  revised  by 
GEORGE  DODD,  C.E.  Illustrated,  is.  6d. 
42.  COTTAGE  BUILDING.  By  C.  BRUCE  ALLEN,  Architect 

Ninth  Edition,  revised  and  enlarged.     Numerous  Illustrations,     is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTKRING,   &c.     By  G.  R.  Bt  RNHIJ.,  C.E.     Eleventh  Edition. 
57.    WARMING  AND    VENTILATION,   a   Rudimentary  Treatise 
on;  being  a  concise  Exposition  of  the  General  Principles  of  the  Art  <>• 
ing  and   ventilating  Domestic   and  Public  Buildings,  Mines,  Lighthouses, 
Ships,  &c.     By  CHARLES  TOMLINSO.V,  F.R.S.,  &c.    Illustrated.    33. 
83**.  CONSTRUCTION  OF  DOOR  LOCKS.     Compiled  from   the 

'  .  C.  1  limits,  Esq.,  of  New  York,  and  Edited  by  CHARI  ; 
I.INSON,  F.R.S.     To  which  is  added,  a  Description 
and  a  Note  upon  IKON  SAKI-S  by  Koitr.K  r  MAI  .LET,  M.I. C.E.     Illus. 

in.  ARCHES,  PIERS,  BUTTRESSES,  &c.:  Experimental  i 

with  a  view  to  tin-:: 
to  the  Practical  Builder.     By  WILLIAM   BLAND.     Illustrated,     is.  6d. 

b,  may  be  ha  • 
LONDON  :    CROSIJY   LOCKWOOD   AND    > 


WEALE'S  RUDIMENTARY  SERIES. 


Architecture,  Building,  etc.,  continued. 
116.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or,   The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  thc'Architcct  and 
Builder.  By  i.  ROGER  SMIIH,  M. R.I.I',. A.,  Architect.  Illustrated  is  6d 
124.  CONSTRUCTION  OF  ROOFS,  Treatise  on  the,  as  regards 
Carpentry  and  Joinery.  Deduced  from  the  Works  of  ROBISON,  PRICE  and 
TREDGOLD.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  RICHARDSON,  Architect.     Illustrated,     is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE      OF     MARCUS 

V1TRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
JOSKPH.GWILT,  F.S.A.,  F.R.A.S.  With  23  Plates.  55. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  EARL  OF  ABERDEEN,    is. 
*»*  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "ANCIENT 

ARCHITECTURE,''  price  6s. 

16,  17,  18,  128,  and  130,  in  One  Vol.,  entitled  "ANCIENT  AND  MODERN  ARCHITEC- 
TURE," half  bound,  \zs. 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 

of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  o!  u 
pair  of  Semi-detached  Villas,  with  the  Specification,  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  their  Construction  and 
Finishing.  By  S.  H.  BROOKS,  Architect.  New  Edition,  with  Plates.  zs.  6d4 


QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 

Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  Carpenters',  and  Joiners'  Work.  By  A.  C. 
BEATON,  Architect  and  Surveyor.  New  and  Enlarged  Edition,  lllus.  is.  6d. 


156. 

175.  LOCK  WOOD  &•  CO:S  BUILDER'S  AND  CONTRACTOR'S 

PRICE  BOOK,  for  1880,  containing  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building  :  Lists  of 
the  Members  of  the  Metropolitan  Board  of  Works,  of  Districts,  District 
Officers,  and  District  Surveyors,  and  the  Metropolitan  Bye-laws.  Edited  by 
FRANCIS  T.  W.  MILLER,  Architect  and  Surveyor.  35.  6d. ;  half  bound,  45. 

182.  CARPENTRY  AND  JOINERY— TRY.  ELEMENTARY   PRIN- 

CIPLFS  OF  CARPENTRY.  Chiefly  composed  from  the  Standard  Work  of 
THOMAS  TREDGOLD,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  WYNDHAM 
TARN,  M.A.  Numerous  Illustrations.  35.  6d.J 

182*.  CARPENTRY  AND  JOINERY.      ATLAS  of  35  Plates  to 
accompany  the  foregoing  book.     With  Descriptive  Letterpress.    4to.    6s. 
cloth  boards,  fs.  66. 

187.  HINTS   TO    YOUNG  ARCHITECTS.    By  GEORGE  WIGHT- 

WICK.  New,  Revised,  and  enlarged  Edition.  By  G.  HUSKISSON  GUILLAUMK, 
Architect.  With  numerous  Woodcuts.  33.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING:  A  Practical  Manual  of,  containing  full  information  on  tin- 
Processes  of  House-Painting-,  the  Formation  of  Letters  and  Practice  nl 
Sign-Writing,  the  Principles  of  Decoiativc  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  &c.,  &c.  With  9  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  150  Wood  Engravings.  By  EI.I.IS  A. 
DAVIDSON.  Second  Edition,  carefully  revised.  55.  cloth  limp ;  6s.  cloth 

189.  THE' RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections  :  General  Principles  ;  Arch  Drawing,  Cutting,  and  Setting  ; 
Pointing;    Paving,   Tiling,    Materials;   Slating   and    Plastering;   Practical 
Geometry,  Mensuration,  &c.     By  ADAM  HAMMOND.     Illustrated,     is.  6d. 
191.  PLUMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.      With  Chapters  upon  House  Drainage,  embodying  tl.. 
Improvements.      Second  Edition,  enlarged.     Containing  300  Illustration-. 
By  W.  P.  BUCHAN,  Sanitary  Engineer,     js.  6d.t \Ju*i  Published. 

835=  The  t  indicates  that  these  -vols.  may  be  had  strongly  bound  at  dd.  extra. 
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Architecture,  Building,  etc.,  continued. 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS,. 
and  BUILDER'S  STANDARD  GUIDE  ;  comprising  copious  and  valu- 
able Memoranda  for  the  Retailor  and  Builder.  By  RICHARD  E.  GRANDY. 
Second  Edition,  Revised.  334 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.      By 

J.  G.  BADENOCII.    Illustrated  with  12  full-page  Engravings  of  Examples,   is. . 

{Just  published. 

206.  A  BOOK  ON  BUILDING,   Civil  and  Ecclesiastical,   including 

CHURCH  RESTORATION.    AVith  the  Theory  of  Domes  and  the  Great  Pyramid, 
and   Dimensions  of  many  Churches   and   other   Great   Buildings.     ! 
EDMI-ND  BKCKETT,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Chancellor  and 
General  of  York.     Second  Edition,  enlarged,  45.  6d.t         \Jitsf  ptiblished. 

CIVIL   ENGINEERING,    ETC. 

13.  CIVIL    ENGINEERING,    the    Rudiments     of.       By    HEXRV 

LAW,  C.E.,  and  GEORGK  R.  Bi  RNELL.  C.E.  New  Edition,  much  enlarged' 
and  thoroughly  revised  by  D.  KINNHAR  CLARK,  I  . 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.  '  By  G. 

DRYSDALE  DEMPSEY,  C.E.  I'.dttion  in  preparation. 

30.  THE  DRAINAGE   OF  TOWNS  AND  BUILDINGS.      By 

G.  DRYSDALE  DEMPSEY,  C.E.    New  Edition.     Illustrated,    zs.  6cl. 

31.  WELL-DIGGING,  BORING,  AND  PUMP-  WORK.    By  JOHN 

GEORGE  SWINDELL,  A.R.I. B.  A.  New  Edition,  by  G.  R.  BI-RNIXL,  C.E.    is.6d. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  AVith  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  JOHN  BURGOYNK.  Bart.,  K.C.l!.  Illustrated,  is.  6d. 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
structions on  the  Science  of.  By  Sir  M.  STKPHEXSON,  C.E.  New  Edition, 
by  EDWARD  NUGENT,  C.E.  AVith  Statistics  ot  the  Capital,  Dividends,  and 
AVorking  of  Railways  in  the  United  Kingdom.  By  E.  D.  CHATTAWAY.  45. 
80*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  Practical  Remarks  on  the 
Repair  of  old  Sea  AValls.  By  JOHN  AViGGixs,  F.G.S.  .New  Edition.  2s. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  r.s  in- 
fluencing Supplies  of  AVater ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  AV.iter.  By  SAMTEI.  HUGHES,  F.G.S. ,  C.E.  New  Edition.  454 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  THOMAS  FENWICK.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic '.Needle,  and  other 
Modern  Improvements.  By  THOMAS  BAKXR.  C.E.  Illustrated.  2s.  6d.i 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.     By  DAVID  STEVENSON,  F.R.S.E.,  &c.     Plates  and  Diagrams,     is. 

197.  ROADS    AND    STREETS    (THE  CONSTRUCTION    OF), 

in   two  Parts:    I.  THE  ART  OE  CON-  .    ROADS,  by  HENRY 

LAW,  C.K.,  revised  and  condensed  by  1  >.  KINNEAH  (.'I.AKK.  C.E. ;  II.   ! 
PRACTICE,  including  pavements  of  Stone,  Wood,  and  Asphalte.  by  D.  K. 
CLARK,  M.I. C.E.     48. 
203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  Comprising: — i.  Some  of  the  more  Common  Forms  of 
Nuisance  and  their  Remedies  ;  2.  Drama.  Supply.  A  useful 

book  for  Members  of  Loral  Boards  and  Rural  Sanitary  Authorities, 
Officers,  Engineers,  Surveyors.  &<-.     By  CHARLES  SI.AC.I:,  A.I.I 

212.    THE   CONSTRUCTION  OF  GAS-WORKS,   and  the   Manu- 
facture  and    Distribution   of  Coal    Gas.      Originally  written   by   > 
Ihr.iiKs.  (.  '.I'1..     Sixth   Edition.  ie-\vritu-ii  and  much  Enlarged  by  A\ 

With  72  Illustrations.     45.  Otl.t  {.Ji'st  published. 

z\$.  PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  ot  \\  aste  Lands  in  New  Coun- 
tries. By  EDWARD  1>>  .  InM.  (  .1...  Author  of  "The  Art  of 
Building:,"  &c.  4-..  \Just  published. 

6£T    I  hi-  J  iiidira'rs  that  th,  :^ly  bound  at  (xf.  extra. 
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MECHANICAL   ENGINEERING,   ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raisinn 

^"S^SS^SSSSKA  for  Hoistinff  Goods'  B* 

34.  THE  STEAM  ENGINE,  a  Rudimentary  Treatise  on.    By  Dr 

LARDNER.    Illustrated,    is.  6d. 
59.  STEAM  BOILERS:   their  Construction  and  Management.    By 

R.  ARMSTRONG,  C.E.    Illustrated,    is.  6d. 

.67.  CLOCKS,   WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.  By  Sir  EDMUND  BECKETT  (late  EDMI-.NU  I'.KCKETT  DENISON)  LL  D    Q  C 
'A  New,  Revised,  and    considerably  Enlarged  Edition  (the  6th),  with  very 
numerous  Illustrations.     45.  6d.  cloth  limp  ;  55.  6d.  cloth  boards   cilt 

52.  THE  POWER  OF  WATER,  as  applied  to "drive  Flour  Mills, 
and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.  By  JOSEPH 
GLYNN,  F.R.S.,  &c.  New  Edition,  Illustrated.  25  t 

98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.  By  T.  BAKER,  C.E.  With  Remarks  on  Tools  and  Machinery  by 
J.  NASMYTH,  C.E.  Plates,  zs.  6d4 

114.  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 
Working.  Illustrated  by  numerous  Examples  of  Modern  Machinery  for 
different  Branches  of  Manufacture.  By  C.  I).  ABEL,  C.E.  is.  6d. 

139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 
of,  with  Rules  at  length,  and  Examples  for  the  Use  of  Practical  Men.  By 
T.  BAKER,  C.E.  Illustrated,  is.  6d. 

162.  THE  BRASS  FOUNDER'S  MANUAL;  Instructions  for 
Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.  With  copious  Receipts,  numerous  Tables,  and  Notes  on  Prime 
Costs  and  Estimates.  By  WALTER  GRAHAM.  Illustrated.  254 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,   and  Locomotive    Engines,   Floating    Docks,   Dredging    Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  ByJ.  G.  WINTON.   Illustrated.    35. t 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.     By  T.  ARMOUR,  C.E.     zs.  6d.t 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.     By  JAMES  ARMOUR, 
C.E.    With  73  Diagrams.     2S.  6d.t 

167.  THE  APPLICATION  OF  IRON  TO  THE  CONSTRUCTION 

OF  BRIDGES,    GIRDERS,  ROOFS,  AND    OTHER   WORKS.      By 
FRANCIS  CAMPIN,  C.E.    Second  Edition,  revised  and  corrected,    zs.  6d.t 

171.  THE  WORKMAN'S  MANUAL  Of  ENGINEERING 
DRAWING.  By  JOHN  MAXTON,  Engineer,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich.  Third  Edition.  Illustrated 
with  7  Plates  and  nearly  350  Woodcuts.  35.  6d.t 

190.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and 
Portable.  Being  an  extension  of  Mr.  John  Sewcll's  "  Treatise  on  Steam." 
By  D.  K.  CLARK,  M.I.C.E.  Second  Edition,  revised.  35.  6d.» 
-200.  FUEL,  its  Combustion  and  Economy ;  being  an  Abridgment  of 
"A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke,"  by 
C.  W.  WILLIAMS,  A. I. C.E.  With  extensive  additions  on  Recent  Practice  in 
the  Combustion  and  Economy  of  Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum, 
&c.— by  D.  K.  CLARK,  M.I.C.E.  2nd  Edition.  3s.6d.t  [Just published. 

202.  LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on. 
Comprising  an  Historical  Sketch  and  Description  of  the  Locomotive  Engine, 
by  G.  D.  DEMPSEY,  C.E. ;  with  large  additions  treating  of  the  Modern  Loco- 
motive, by  D.  KINNEAR  CLARK,  M.I. C.E.  --,s.\  \Justpubliihed. 

2ii.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tem- 
plating,  and  Calculating  Boiler  Work  and  Tank  Work,  with  Rules  for  the 
Evaporated  Power  and  the  Horse  Power  of  Steam  Boilers,  and  the  Propor- 
tions of  Safety- Valves  ;  and  useful  Tables  of  Rivet  Joints,  of  Circlet  . 
Weights  of  Metals,  &c.  By  JOHN  COURTNEY,  Practical  Boiler  Maker. 
Edited  by  D.  K.  CLARK,  C.E.  100  Illustrations.  2s.  [Just  published. 

gilT  The  \  indicates  that  these  vols.  may  be  had  strongly  bound  at  6J.  extra. 
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SHIPBUILDING,    NAVIGATION,    MARINK 
ENGINEERING,   ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 
tion of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
TAMES  PEAKE,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth. 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams.  35.  6d4 

53*.  SHIPS  FOR    OCEAN  AND  RIVER  SERVICE,  Elementary 

and  Practical  Principles  of  the  Construction  of.  By  HAKON  A.  SOMMER- 
FELDT,  Surveyor  of  the  Royal  Norwegian  Navy.  With  an  Appendix,  is. 6d. 

53**.  AN  ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.     Royal  4to.  cloth.     75.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks  ;  Chain, 
Wire,  and  Hemp  Ropes,  &c.,  relative  to  every  class  of  vessels.  With  an 
'  Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  ROBERT 
KIPPING,  N.A.  Fourteenth  Edition.  Illustrated.  2s.i 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  JOHN  GRANTHAM,  Con- 
sulting Engineer  and  Naval  Architect,  sth  Edition,  with  Additions.  45. 
54**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,"  "Hercules,  "  Bellerophon  ; "  H.M.  Troop  Ship  "Serapis," 
Iron  Floating  Dock,  &c.,  &c.  4to,  boards.  385. 

55.  THE  SAILOR'S  SEA   BOOK:   a    Rudimentary  Trertise    on 

Navigation.  Part  I.  How  to  Keep  the  Log  and  Work  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  JAMES  GREENWOOD,  B.A.  To 
which  are  added,  the  Deviation  and  Error  of  the  Compass  ;  Great  Circle 
Sailing;  the  International  (Commercial)  Code  of  Signals;  the  Rule  of  the 
Road  at  Sea ;  Rocket  and  Mortar  Apparatus  for  Saving  Life  ;  the  Law  of 
Storms  ;  and  a  Brief  Dictionary  of  iroa  Terms.  With  numerous  Wroodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroughly  revised  and  much  enlarged 
edition,  l-'.y  W.  H.  ROSSER.  as.  6d.j  {Just published. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 
on.    Together  with  Practical  Remarks  on  the  Screw  and  Propelling   ; 
as  used  in  the  Royal  and  Merchant  Navy.     By  ROBERT  MURRAY,  C.E., 
Engineer-Surveyor  to  the  Board  of  Trade.    With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents   in  French,  German,  and  Spanish.     .* 
Edition,  revised  and  enlarged.     Illustrated.     35. t 

830*.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 

ally  Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W. 
BLAND.  Seventh  Edition,  revised,with  numerous  Illustrations  and  Models. is.6d. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 

and  Practice.  Writh  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  R.  YOUNG,  formerly  Professor  of  Mathematics  in 
Belfast  College.  Illustrated.  2s.  6d. 

IOO*.  TABLES  intended  to  facilitate  the  Operations  of  Navigation  and 
Nautical  Astronomy,  as  an  Accompaniment  to  the  above  Book.  By  J.  R. 
Yoi'NO.  is.  6d. 

106.  SHIPS1  ANCHORS,  a  Treatise  on.  By  G.  COTSELL,  N.A.  is.  6d. 
149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  of  Ropes  ;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.,  8-c 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  Kom:uT  Ivirri.Nt;,  N.A., 
Sailmaker,  Quayside,  Newcastle.  Illustrated.  2s.  6d.J 

155.  THE    ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 

MERCANTILE  NAVIES.  By  a  PRACTICAL  ENT.INKKR.  Revised  by  D. 
F.  M'CARTHY,  late  of  the  Ordnance  Sunev  Office,  Southampton.  -,*. 

55    PRACTICAL    NAVIGATION.      Consisting    ,  .xiilor's 

Of      Sea-Book.     By  JAMES  GREENWOOD  and  W.  H.  ROSSER.     '1 
,o,      the  requisite  Mathematical  and  Nautical    Tables  for   the  Working   of   the 
'     Problems.     By  HENRY  LAW,  C.E.,  and    |.   R.   Vi 

Mathematics  in  Belfast  College.     Illustrated  with  numerous  Wood  : 
ings  and  Coloured  Plate*.     ;s.     Strongly  half-bound  in  I 
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PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

1.  CHEMISTR  V,  for  the  Use  of  Beginners.    By  Professor  GF.ORGK 

FOWNES,  F.R.S.      With  an  Appendix  on  the  Application  of  Chemistry  to 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 

the  Use  of  Beginners.  By  C.  TOMUXSON,  Lecturer  on  Natural  Science  in 
King's  College  School,  London.  \Voodcuts.  is.  6d. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Properties 
of  Minerals.    By  A.  RAMSAY,  Jun.    Woodcuts  and  Steel  Plates,    .^s.t  • 

6.  MECHANICS,  Rudimentary  Treatise   on ;   being   a  concise  Ex- 

position of  the  General  Principles  of  Mechanical  Science,  and  their  Applica- 
tions. By  CHARLES  TOMLINSON.  Illustrated,  is.  6d. 

7.  ELECTRICITY;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.     By  Sir  W.  SNOV 
HARRIS,  F.R.S.,  &c.      With  Additions  by  R.  SABINE,  C.E.,  F.S.A.     is.  6d. 
7*.  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.    By  Sir  W.  SNOW  HARRIS.    New 
Edition,  with  considerable  Additions  by  ROBERT  SABINE,  C.E.,  F.S  A.    is.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  SNOW  HARRIS.  New  Edition,  revised  and  enlarged  by  H.  M. 
NoAD,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  "  A 
Manual  of  Electricity,"  &c.,  &c.  With  165  Woodcuts,  is.  6d.J 

11.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.   ByR.  SABINB,  C.E.,  F.S.A.    35. 

12.  PNEUMATICS,    for    the    Use    of    Beginners.      By    CHARLES 

TOMLINSON.    Illustrated,     is.  6d. 

72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  WOODWARD,  A.L.S.  With  Appendix  by 
RALPH  TATE,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300  Woodcuts. 
6s.  6d.  Cloth  boards,  75.  6d. 

79**.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  &c.  Translated  from  the  French  of  D.  VAN  MONCKHOVEN, 
by  W.  H.  THORNTHWAITE,  Ph.D.  Woodcuts,  is.  6d. 

96.  ASTRONOMY.     By  the  Rev.  R.  MAIN,  M.A.,   F.R.S.,  &c. 

New  Edition,  with  an  Appendix  on  "Spectrum  Analysis."  Woodcuts,  is.  6d. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  BAKER,  C.E.  is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telesrraph  Service.  By  R.  BOND.  Fourth  Edition,  revised  and 
enlarged  :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
by  W.  MCGREGOR,  First  Assistant  Supnt.,  Indian  Gov.  Telegraphs.  3s.t 

143.  EXPERIMENTAL    ESSAYS.      By    CHARLES    TOMLINSON. 

I.  On  the  Motions  of  Camphor  on  Water.     II.  On  the  Motion  of  Camphor 
towards  the  Light.   III.  Historyof  the  Modern  Theory  of  Dew.   Woodcuts,   is. 
173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  PORT- 
LOCK'S  "Rudiments  of  Geology."  ByRALPHTATE,A.L.S.,&c.  Woodcuts.  2s. 
74.  HISTORICAL     GEOLOGY,    partly    based    on    Major-General 
PORT-LOCK'S  "  Rudiments."   By  RALPH  TATE,  A.L.S.,  &c.   Woodcuts.  2s.6d. 


'•*  tions.    In  One  Volume.    45.  6d4 

183.  ANIMAL  PHYSICS,  Handbook  of.     By  Dr.  LARDNER,  D.C.L., 

&  formerly   Professor   of  Natural    Philosophy  and  Astronomy  in    University 
,g.        College,  Lond.    With  520  Illustrations.    In  One  Vol.    ;s.  6d.,  cloth  boards 
*»*  Sold  also  in  Two  Parts,  as  follows  :— 

183.  ANIMAL  PHYSICS.     By  Dr.  LARDNER.     Part  I.,  Chapters  I— ^ 

184.  ANIMAL  PHYSICS.    By  Dr.  LARDNER.     Part  II.,  Chapters  \  II.  —XV  III.    3*. 
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MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  THOMAS  FENWICK, 
Surveyor  of  Mines,  and  THOMAS  RAKER,  C.E.  Illustrated,  zs.  Cd.i 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  ROBERT  H.  LAMBORN,  Ph.D.  Woodcuts,  zs.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores;  their  Assay  and  Treatment,  and  valuable  Constituents.  By  Dr. 
R.  H.  LAMBORN.  AVoodcuts.  zs.  6d.i 

135.  ELECTRO-METALLURGY;  Practically  Treated.      By  ALEX- 

ANDER WATT,  F.R.S.S.A.  Seventh  Edition,  revised,  with  important  addi- 
tions, including  the  Electro-Deposition  of  Nickel,  &c.,  &c.  Woodcuts. 
',s.t  {Just  published. 

1/2.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  Comprising  Observations  on  the  Materials  from,  and 
Processes  by,  which  they  are  manufactured  ;  their  Special  Uses,  Applica- 
tions, Qualities,  and  Efficiency.  By  WILLIAM  MORGANS,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines.  2S.  6d.J 

172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  410.  45.  6d, ; 
cloth  boards,  6s. 

176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  Containing 
History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores, 
Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By  H.  BAUERMAN,  F.G.S. 
Fourth  Edition,  enlarged,  with  numerous  Illustrations.  45.  6d4 

1 80.  COAL  AND   COAL  MINING,   A    Rudimentary  Treatise  on. 

By  WARINGTON  W.  SMYTH,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  the  Duchy  of  Cormvall.  Fifth  Edition,  revised 
and  enlarged.  With  numerous  Illustrations.  35.  6d.t  \Jnstptiblished. 

195.  THE  .MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.  By  WILLIAM  LINTERN,  Mining  and  Civil  Engineer.  With 
four  Plates  of  Diagrams.  Plans,  &c.  35.  6d.t 

214.  A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  DAVIKS,  F.G.S.,  Mining 
Engineer,  &c.  AVith  numerous  Illustrations  and  Folding  Plates.  35.! 

[  Just  published. 

FINE   ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  GEORGE  PVNB, 
Artist.  Woodcuts.  2s. 

40  GLASS  STAINING  ;  or,  The  Art  of  Painting  on  Glass.  From 
&  the  German  of  Dr.  GKSSKRT.  With  an  Appendix  on  THR  ART  OF  ENAMEL- 
.j  LING,  &c. ;  together  with  Tun  ART  OF  PAINTING  ON  GLASS.  From  the 

nan  ot  KMANUEL  OTTO  FROMBKRG.     In  One  Volume,     zs.  6d. 
69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.       With 

numerous  Examples.     By  CHARLES  CHILD  SPENCER,     zs.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  CHARLES 
CHILD  SI-ENTER,     js.  6d. 

181.  PAINTJXG  POPULARLY  EXPLAINED,   including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Watcr-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum.  Pottery,  Enamel,  Glass.  &i-.     With  Historical 
Sketches  of  the  Progress  ot  the  Art  by  THOMAS  JOHN  GULI.ICK,  as.v 
JOHN  TiMns,  F.S.A.  Fourth  Edition,  revised  and  enlarged,  with  Frontispiece 

.ir.d  Vi^iic'tti'.     55. t 

186.  A    GRAMMAR    OF    COLOURING,    applied    to    Decorative 

Painting  and  the  Arts.  By  GEORGE  I-'IELD.  NYw  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  lVsij;iier.  By  ELLJS  A. 
DAVIDSON,  Author  of  "  Drawim;  for  Carpenters,"  &o.  With  two  new 
Coloured  Diagrams  and  numerous  Engraving!  on  Wood.  35. $ 
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AGRICULTURE,  GARDENING,  ETC. 
29.  THE   DRAINAGE    OF  DISTRICTS   AND  LANDS.      By 

G.  DRYSDALB  DKMPSBY,  (  .1..  •  Edition  in  preparation. 

60.  CLAY    LANDS    AND    LOAMY    SOILS.        By    Professor 

131.  MILLER''S^ MERCHANTS,  AND  FARMER'S  READY 
RECKONER,  for  ascertaining  at  sight  the  value  of  any  quantity  of  Corn, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  from  {,  i  to 
£5  per  Qr.  With: approximate  values  of  Millstones,  Millwork,  &c.  is. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.    i.  OUTLINES  OF 

MODERN  FARMING.)    By  R.  SCOTT  BURN.    Woodcuts,    as. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical,  on.  (Vol.  2.  OUTLINES  OF  MODERN  FARMING.)  By  R.  SCOTT 
BURN.  Woodcuts,  is. 

142.  STOCK ;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

OUTLINES  OF  MODERN  FARMING.)    By  R.  SCOTT  BURN.  Woodcuts.    2s.  6d. 

145.  DAIRY,  PIGS,   AND  POULTRY,  Management  of  the.     By 

R.  SCOTT  BURN.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  OUTLINES 
OF  MODERN  FARMING.)  Woodcuts.  2s. 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5.  OUTLINES  OF  MODERN 
FARMING.)  By  R.  SCOTT  BURN.  Woodcuts.  2s.  6d. 

%*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "OUTLINES  OF 
MODERN  FARMING."    By  ROBERT  SCOTT  BURN.    Price  125. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  BREUIL.  Revised  by  GEO.  GLENNY.  187  Woodcuts.  35.  6d.t 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  SPOONER,  M.R.V.C.,  &c.  Fourth  Edition, 
considerably  enlarged ;  with  numerous  fine  engravings,  including  some 
specimens  of  New  and  Improved  Breeds.  366pp.  is.  6d.$ 

•201.  KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  with  cultural  directions  for  the  management  of  them 
all  the  year  round.  By  GEORGE  M.  F.  GLENNY,  Editor  of  "  Glenny's  Illus- 
trated Garden  Almanack,"  and  Author  of  "  Floriculture,"  &c.  is.  6d.J 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation of  Farm  Labour:  Treating  of  the  General  Work  of  the  Farm;  Field 
and  Live  Stock ;  Details  of  Contract  Work ;  Specialities  of  Labour ;  Econo- 
mical Management  of  the  Farmhouse  and  Cottage,  and  their  Domestic 
Animals.  By  ROBERT  SCOTT  BURN.  Numerous  Illustrations.  2s.  6d.t 

[Just  published. 

208.  OUTLINES   OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands  on  the  Estate ;  Peculiarities  of  its  Farms  ; 
Methods  of  Farming  ;  the  Setting-out  of  Farms  and  their  Fields  ;  the  Con- 
struction of  Roads,  Fences,  Gates,  and  the  various  Farm  Buildings;  the 
several  Classes  of  Waste  or  Unproductive  Lands  ;  Irrigation  ;  Drainage, 
Plantation,  &c.  By  R.  SCOTT  BURN.  With  numerous  Illustrations.  25.  6d.t 

[Just  published. 

*„*  Nos.  207  <&*  208  t'tt  One  Vol.,  handsomely  half -bound, entitled  "  OUTLINES  OF 
LANDED  ESTATES  AND  FARM  MANAGEMENT."    By  R.  SCOTT  BURN.    Price  6j. 

209.  THE   TREE   PLANTER  AND   PLANT  PROPAGATOR : 

Being  a  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 


[Just  published. 
Mai 


210.  THE    TREE    PRUNER  :    Being  a  Practical  Manual  on  the 
uding  also  their  Training  and  Renovation,  with 
ngng  Old  and   Worn-out  Trees   into   a   State   of 


Pruning  of  Fruit  Trees,  including  also  their  Training  and  Renovation,  with 
the  Best  Method  of  bringing  Old  and  Worn-out  Trees  into  a  State  of 
Bearing ;  also  treating  of  the  Pruning  of  Shrubs,  Climbers  and  Flowering 
Plants.  With  numerous  Illustrations.  By  SAMUEL  WOOD,  Author  of  "Good 
Gardening,"  &c.  2s.t  {Just  published. 

*«»  Nos.  209  &*  210  in  One  Vol.,  handsomely  half-bound,  entitled     THE  IRI 
PLANTER,  PROPAGATOR  AND  PRUXER."     By  SAMUEL  WOOD.    Price  5-f. 

635"  The  $  indicates  that  these  vols.  may  be  had  strongly  bound  at  bd.  rxtra. 
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ARITHMETIC,    GEOMETRY,  MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction  and  the  Methods  of  Testing-,  Adjusting:,  and  Using  them 

are  concisely  Explained.      By  J.  F.  HEATHER,  M.A.,  of  the  Royal  Military 

Academy,  Woolwich.     Original  Edition,  in  I  vol.,  Illustrated,     is.  6d. 

•«*  In  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  (No.  .52),  to  distin- 

gitish  it  from  the  Enlarged  Edition  in  3  vols.  {Nos.  168-9-70.) 
Go.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modern  Improvements.    Arranged  for  the  Use  of  Schools  and 
Private  Students  ;  also  for  Practical  Land  Surveyors  and  Engineers.      By 
T.  BAKER,  C.E.      New  Edition,  revised  by  EDWARD  NUGENT,  C.E.      Illus-    1 
trated  with  Plates  and  Diagrams,    zs.t 
61*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 

LAND.  By  ABRAHAM  ARMAX,  Schoolmaster,  Thurlcigh,  Beds.  To  which  i 
is  added  a  Table,  showingthe  Price  of  Work,  from  2s.  6d.  to£i  per  acre, and  I 
Tables  for  the  Valuation  of  Land,  from  is.  to  £1,000  per  acre,  and  from  one  I 
pole  to  two  thousand  acres  in  extent,  &c.,  &c.  is.  6d. 

76.  DESCRIPTIVE   GEOMETRY,   an    Elementary    Treatise    < 

with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  Frem  ' 
G.  MONGE.     To  which  is  added,  a  description  of  the  Principles  and  Pra< 
of  Isometrical  Projection  ;  the  whole  being  intended  as  an  introduction  to 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.     By 
J.  F.  HEATHER,  M.A.     Illustrated  with  14  Plates,    as. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving    the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  HEATHER,  M.A.  With  215  Woodcuts,  2s. 

179.  PROJECTION :   Orthographic,   Topographic,    and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.  By  J.  F.  HEATHER,  M.A.  [/«  preparation. 

*»*  The  above  three  volumes  will  form  a  COMPLETE  ELEMENTARY  COURSE  OF     ; 
MATHEMATICAL  DRAWING. 

83.  COMMERCIAL  BOOK-KEEPING.   With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  JAMES  HADDON, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self-Instruction.  By  J.  R.  Yoi'NG,  late  Professor 
of  Mathematics  in  Belfast  College.  New  Edition,  with  Index,  is.  6d. 

8j*.  A  KEY  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  Yoi'NG.  is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
gc*.    Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facilitated.    By  W.  HIPSLBY.    as. 

86.  ALGEBRA,    the    Elements    of.      By  JAMES  HADDON,   M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra,  zs. 

86*.  A  KEY  AND  COMPANION  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and   Problems  in  Illustration  of  the  various  Kxi 
necessary  in  Algebraical  Operations.     Especially  adapted  for  Self-Instruc- 
tion.    By  J.  R.  Yot'NG.     is.  6d. 

88.  EUCLID,  Tin-.  OF:  with  many  additional  Propositions 

go      and  Explanatory  Notes  :  to  which   is   prefixed,   an  Introductory  Essay  on 
Logic.    By  HENRY  LAW,  C.E.    2s.  6d.J 
•»•  Sold  also  separate . 

88.  EUCLID,  The  First  Three  Books.     By  HKNKY  LAW,  C.E.     is.  ' 

89.  EUCLID,  Books  4,  5,  6,  n,  12.    By  HENRY  LAW,  C.E.    is.  6d. 

The  i  indicates  that  these  vols.  may  be  had  strongly  bound  at  6tf.  c  > 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 
00.  ANALYTICAL     GEOMETRY  AND     CONIC    SECTIONS, 

a  Rudimentary  Treatise  on.  By  JAMKS  HANN,  late  Mathematical  Master  of 
?"Vg  J,  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J .  K.  YOUNG,  formerly  Professor  of  Mathematics  at  Belfast  College  25  t 

91.  PLANE     TRIGONOMETRY,   the    Elements    of.     By   TAMES 

HANN,  formerly  Mathematical  Master  of  King's  College  London      is 

92.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.    By  TAMES 

HANN.    Revised  by  CHARLES  H.  COWLING,  C.E.    is. 
*»'  Or  -with  "  27te  Elements  of  Plane  Trigonometry,"  in  One  Volume  is 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  "With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modern  Engineering.  By  T.  BAKER,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  NUGENT,  C.E.  Illustrated,  is.  6d. 

101*.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  WOOLHOUSH,  F.R.A.S.  [Reprinting. 

102.  INTEGRAL    CALCULUS,  Rudimentary  Treatise  on  the.     By 

HOMERSHAM  Cox,  B.A.     Illustrated,     is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  JAMES  HANN, 

late  of  King's  College,  London.    Illustrated,     is. 

lor.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 
WOOLHOUSK,  F.R.A.S.,  &c.    is.  6d. 

105.  MNEMONICAL    LESSONS.  —  GEOMETRY,    ALGEBRA,    AND 

.TRIGONOMETRY,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  THOMAS 
PENYNGTON  KIRKMAN,  M.A.  is.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  JAMES  HADDON,  M.A.  Revised  by  ABRAHAM  ARMAN. 
is.  6d. 

137.  A  KEY  TO  HADDON'S  RUDIMENTARY  ARITHMETIC.    By  A.  ARMAN.    is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  HEATHER,  M.A.,  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  &c.,  &c. 
Illustrated,  is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes,  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.  By  J.  F.  HEATHER,  M.A.  Illustrated,  is.  6d. 

170.  SURVEYING    AND    ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. By  T-  F-  HEATHER,  M.A.  Illustrated,  is.  6d. 

%*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  wort-. 
"  Mathematical  Instruments:  their  Construction,  Adjustment,  Testing,  and  Use, ' ' 
the  Thirteenth  Edition  of  which  is  on  sale,  price  is.  6d.  (See  No.  32  in  the  Series.) 

168.)  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  HEATHER, 

169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 

170..)   above,  in  One  thick  Volume.   With  numerous  Illustrations.  45.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;    containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  CHARLES  HOARE,  C.E.  With  a 
Slide  Rule  in  tuck  of  cover.  35. t 

185.  THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  8cc.,  &c.;  Unequal-sided,  Square-sided,  Octagonal- 


Stonemasons,    Architects,    and    others.      By  RICHARD     HORTON.      Third 
Edition,  with  vztf  uable  additions.    45. ;  strongly  bound  in  leather,  55. 

The  t  indicates  that  these  vols.  may  be  had  strongly  bound  at  M.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
T1KS;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  F£DOR  THOMAN,  of  the  Socicte  Credit 
Mobilier,  Paris.  45.* 

199.  INTUITIVE  CALCULATIONS;  or,  Easy  and  Compendious 
Methods  of  Performing1  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  and  an  Examination  and 
Discussion  of  the  best  Schemes  for  a  Decimal  Coinage.  By  DANIEL 
O'GoRMAN.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  \ 
formerly  Professor  of  Mathematics  in  Belfast  College.  33.$ 

204.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms.  ' 
By  HENRY  LAW,  C.E.     Together  with  a   Scries   of  Tables  for  Navigation 
and  Nautical  Astronomy.     By  J.  R.  Yoi'XG,  formerly  Professor  of  ' 
matics  in  Belfast  College.    New  Edition.    35.  6d.t  \jjuit  pull. 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHM- 
OLOGY,  the  FINE  ARTS,  &*c.  By  JOHN  WEALE.  Fifth  Edition.  Revised 
by  ROBERT  HUNT,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations. 55.  cloth  limp  ;  6s.  rfoth  boards. 

SO.  THE  LAW  OF  CONTRACTS  FOR   WORKS  AND   SER- 

VICES.     By  DAVID  GiBnoxs.    Third  Edition,  enlarged.    35. \ 
ci2.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.   GOODING, 
B.A.,   M.D.     Intended  as  a  Family  Guide  in  all   Cases  of  Accident   and 
Emergency.    zs.J 

112*.  MANAGEMENT  OF  HEALTH.     A  Manual  of  Home  and 

Personal  Hygiene.    By  the  Rev.  JAMES  BAIRD,  B.A.    is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  EXIMENS.      is.  6d. 

152.  PRACTICAL   HINTS  FOR   INVESTING    MONEY.    With 

an  Explanation  of  the  Mode  of  Transacting  Business  on  the  Stock  Exchange. 
By  FRANCIS  PLAVFORD,  Sworn  Broker,  is.  6d. 

153.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

1 1  U.MAX   UNDERSTANDING.    With  Notes  by  S.  H.  EMMEXS.     2s. 

154.  GENERAL   HINTS  TO  EMIGRANTS.     Containing  Notices 

of  the  various  Fields  for  Emigration.  With  Hints  on  Preparation  for 
Emigrating,  Outfits,  &c.,  &c.  with  Directions  and  Recipes  useful  to  the 
Emigrant.  With  a  Map  of  the  World.  2s. 

157.  THE   EMIGRANT'S    GUIDE    TO    NATAL.      By  ROBERT 

JAMES  MANX,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.  Map.  2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  the 
requirements  of  Beginners.  By  Mai"i  \V.  \V.  KXOLLVS,  F.R.G.S.,  9jrd 
Sutherland  Highlanders,  &r.  With  163  Woodcuts.  35.} 

194.  THE  HOUSE    MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical  Cooker)',  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  I  K-sst -rt,  (.'. -i.  nes,  Homo-browing 

'and   Wine-making,   the    Boudoir    and    Dressing-room,  Travelling, 
Econom)-,  Gardening  Operations,  &c.     By  AN  OLD  HOUSEKEEPER.    35.  6d.t 
194.  HOUSE  BOOK  (The}.  Comprising  :— I.  THE  HOUSE  MAN 

112.        BV  an  Ol.D    Hoi-SEKKFI'F.R.       I!  .QDINC, 

£         M'.l).     III.  MANU;KMI:\T  01    HICAI.TH.     By  JAMES  BAIRD.      In  Or. 
-     strongly  halt-bound.     Os. 
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EDUCATIONAL  AND   CLASSICAL  SERIES. 

HISTORY. 

i.  England,  Outlines  of  the  History  of;  more  especially  with 

reference   to   the   Origin    and   Progress   of  the   English  Constitution.      Bv 

WILLIAM  DOUGLAS  HAMILTON,  F.S.A.,  of  Her  Majesty's  Public   Record 

Office.    4th  Edition,  revised.    55. ;  cloth  boards,  6s. 
5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.    By  W.  DOUGLAS  HAMILTON, 

of   University  College,   London,   and  EDWARD   LBVIEN,  M.A.,  of  llalliol 

College,  Oxford.    2s.  6d. ;  cloth  boards,  35.  6d. 
7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 

P>y  EDWARD  LEVIKN,  of  Balliol  College,  Oxford.  Map,  zs.  6d. ;  cl.  bds.  35. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  AVorld  to  the  Conclusion  of  the  Franco -German  War. 
The  Continuation  by  "\V.  D.  HAMILTON,  F.S.A.  35.  ;  cloth  boards,  35.  6d. 

50.  Dates  and   Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  RAND.     is. 

ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar   of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  HYDB 
CLARKE,  D.C.L.  Third  Edition,  is.  6d. 

ii*.  Philology:  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Platt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.  By  HVDK  CLARKE,  D.C.L.  is. 

12.  Dictionary  of   the  English    Language,   as   Spoken  and 

Written.  Containing  above  100,000  Words.  By  HYDE  CLARKE,  D.C.L. 
35.  6d. ;  cloth  boards,  43. 6d. ;  complete  with  the  GRAMMAR,  cloth  bds.,  ss.6d. 

48.  Composition    and    Punctuation,    familiarly   Explained   for 

those  who  have  neglected  the  .Study  of  Grammar.  By  JUSTIN  BRENAN. 
I7th  Edition,  is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages  ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  ROWBOTHAM,  F.R.A.S.  Improved  Edition,  is.  6d. 


52.  Mining   and  Quarrying,  with  the  Sciences  connected  there- 

with.   First  Book  of,  for  Schools.    By  J.  H.  COLLINS,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,    is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  EDGAR  RAND,  B.A.     is. 


THE    SCHOOL    MANAGERS'    SERIES    OF   READING 

BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.    Edited  by  the  Rev.  A.  R.  Gi 

Rector  of  Hitcham,  and  Honorary  Canon  of  Ely  ;  formerly  H.M.  Inspector 
of  Schools. 

INTRODUCTORY  PRIMER, 
*.  d. 


FIRST  STANDARD     .        .06 
SECOND       „  .        .    o  10 

THIRD 


FOURTH  STANDARD       .       .       .    x 
FIFTH  „  .        .       .    i 


SIXTH 


LESSONS  FROM  THK  BIBLE.    Part  I.    Old  Testament,    is. 

LESSONS  FROM  THE  BIBLE.     Part  II.     New  Testament     o  which  i*  added 


THE  GEOGRAPHY  OF  THE  BIBLE,  for  very  young  Children.    «y  ^ev. 
THORNTON  FORSTER.     is.  ad.    V  Or  the  Two  Parts  in  One  Volume, 
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FRENCH. 

24.  French   Grammar.     With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.     By  G.  L.  STRAUSS,  Ph.D.     is  6d 

25.  French-English  Dictionary.     Comprising  a  large  number  of 

New  Terms  used  in  Engineering:,  Mining,  &c.     By  ALFRED  ELWES.     is  6d 

26.  English  French  Dictionary.    By  ALFRED  ELWES.     2s. 
25,26.  French  Dictionary  (as  above).     Complete,  in  One  Vol.,  35.; 

cloth  boards,  35.  6d.    \*  Or  with  the  GRAMMAR,  cloth  boards,  48.  6d. 

47.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,  is. 

GERMAN. 

39.  German  Grammar.      Adapted    for    English   Students,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  STRAHSS.     is 

40.  German  Reader :   A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors   of  Germany ;  with  Notes,   Philological   and  Ex- 
planatory.    By  G.  L.  STRAUSS,  Ph.D.     is. 

41.  German  Triglot   Dictionary.     By  NICHOLAS   ESTERHAZY 

S.  A.  HAMILTON.     Part  I.  English-German-French,     is. 

42.  German     Triglot     Dictionary.      Part  II.    German-French- 

English.    IS. 

43.  German  Triglot   Dictionary.       Part  III.    French-German- 

English,    is. 
41-43.  German  Triglot   Dictionary  (as  above),  in  One  Vol.,  33.; 

cloth  boards,  45.      "  *  Or  with  the  GERMAN  GRAMMAR,  cloth  boards,  55. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.     By  ALFRED  ELWES.     is.  6d. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.     By  ALFRED  ELWES. 
Vol.  i.  Italian-English-French,     zs.  6d. 

30.  Italian    Triglot     Dictionary.       By  A.  ELWES.      Vol.   2. 

English-French-Italian,     zs.  6d. 

32.  Italian  Triglot  Dictionary.     By  ALFRED  ELWES.    Vol.  3. 

French-Italian-English.     2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  73.  6d. 

32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.     With 

a  Course  of  Exercises.    By  ALFRED  ELWES.     is.  6d. 

35.  Spanish-English    and    English-Spanish     Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.     By  ALFRED 
45.  ;  cloth  boards,  55.     %*   Or  with  the  GRAMMAR,  cloth  boards,  6s. 

55.  Portuguese    Grammar,    in    a   Simple   and   Practical    Form. 

AVidi  a  Course  of  Exercises.     By  ALFRED  EI.WF.S.     is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Dic- 

tionary, with  the  Genders  of  each  Noun.    By  ALFRED  ELWKS. 

[In  prrpat; 

HEBREW. 

46*.  Hebrew  Grammar.     By  Dr.  BRESSLAU.     is.  6d. 

44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing   tin-    llrlirrw    and   Chalder  Roots    of  the  Old   'JV 
Rabbinical  Writing*.  By  Dr.  KM-SSI.AU.  6s.    %*  Or  with  the  GRAM  < 
46.  English  and  Hebrew  Dictionary.    By  Dr.  BRESSLAI 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.       the  GRAMMAR,  cloth  boards,  125. 
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LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.    By  the  Rev.  THOMAS  Goomvi.v 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,     is. 

20.  Latin-English  Dictionary.  By  the  Rev.  THOMAS  GOODWIN 

M.A.     2s. 
22.  English-Latin    Dictionary ;    together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.  I!y  tUe 
Rev.  THOMAS  GOODWIN,  M.A.  is.  Cd. 

20,22.  Latin  Dictionary  (as  above).     Complete  in  One  Vol.,  35.  6d.; 
cloth  boards,  45.  6d.    %*  Or  with  the  GRAMMAR,  cloth  boards,  55.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  YOUNG,     is. 

2.  Caesaris  Commentarii  deBello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  YOUNG.     2s. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  YOUNG,     is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.   With  Notes  on  the  Buco- 

lics by  W.  RUSHTON,  M.A.,  and  on  the  Georgics  by  H.  YOUNG,     is.  6d. 

5.  Virgilii  Maronis  JEneis.     With  Notes,  Critical  and  Explanatory, 

by  H.  YOUNG.  New  Edition,  revised  and  improved.  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  LEARY,  D.C.L.,  formerly  Scholar  of  Brasenose 
College,  Oxford.  33. 

5* Part  i.     Books  i. — vi.,  is.  6d. 

5**  Part  2.    Books  vii. — xii.,  2s. 

6.  Horace ;    Odes,   Epode,   and  Carmen  Sacculare.     Notes  by  H. 

YOUNG,     is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  BROWN- 

RIGG  SMITH,  M.A.,  F.R.G.S.     is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.    Notes,  Critical 

and  Explanatory,  by  W.  M.  DONNE,  B.A.,  Trin.  Coll.,  Cam.     is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  JAMES  DAVIES,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  JAMES  DAVIES,  M.A.    2s. 

11.  Terentii  Eunuchus,  Comoedia.    Notes,  by  Rev.  J.  DAVIES,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.     Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
JAMES  DAVIES,  M.A.  is. 

13.  Giceronis    Orationes    in    Catilinam,   Verrem,    et    pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  LEARY,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford, 
is.  6d. 

14.  Ciceronis  Cato  Major,  Lselius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  BROWNRIGG  SMITH, 
»M.A.,  F.R.G.S.  as. 

1 6.  Livy :  History  of  Rome.  Notes  by  H.  YOUNG  and  W.  B.  SMITH, 

M.A.     Part  i.    Books  i.,  ii.,  is.  6d. 
16*. Part  2.     Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  3.    Books  xxi.,xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Properlius, 

and  Ovid.   Notes  by  W.  B.  DONNE,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,   from  Varro,   Columella,   Vitruvius 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  Valerius  Maxirnus  Sueto- 
nius, Apulcius,  &c.  Notes  by  W.  B.  DONNE,  M.A.  2s. 

21.  Juvenalis  Satira?.     With  Prolegomena  and  Notes  by  T.  H.  S. 

ESCOTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London,    as. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day  Bv  HANS 
CLAUDE  HAMILTON,  is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  HENRY  R 
HAMILTON.  Vol.  i.  Greek-English,  zs. ;  Vol.  2.  English-Greek,  2s.  Or  the 
Iwo  Vols.  in  One,  45. :  cloth  boards,  53. 

14, 15.  Greek  Lexicon  (as  above).     Complete,  with  the  GRAMMAR,  in 

17.      One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.     With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  You.v 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary  by  JOHN 
HUTCHISON,  M.  A.,  of  the  High  School,  Glasgow,     is.  6d. 

2,3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand.. 

Notes  and  a  Geographical  Register,  by  H.  YOUNG.     Part  i.  Books  i.  to  iii.. 
is.    Part  2.  Books  iv.  to  vii.,  is. 
4.  Lucian's  Select  Dialogues.     The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  II.  YOUNG,     is.  6d. 
5-12.  Homer,  The  Works  of.     According  to  the  Text  of  BAEVMLF.I.V. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  late-it 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H  I. 
LEARV,  M.A.,  D.C.L. 

Part  3.   Books  xiii.  to  xviii.,  is.  6d.. 

Part  4.    Books  xix.  to  xxiv.,  is.  6d. 

Part  3.    Books  xiii.  to  xviii.,  is.  6d.. 


THE  ILIAD  :         Part  i.  Books  i.  to  vi.,  is. 6d. 

Part  2.   Books  vii.  to  xii.,  is.  6d. 
THE  ODYSSEY:  Parti.   Books  i.  to  vi.,  is.  6d 

Part  2.   Books  vii.  to  xii.,  is.  6d. 


Part  4.   Books  xix.   to  xxiv.,   and 


Hymns,  as. 

13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and. 
the  Phaedo.  From  the  Text  of  C.  F.  HERMANN.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  JAMES  DAVIES,  M.A.  25. 

14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  GAISFORD. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and! 
Explanatory,  by  T.  H.  L.  LEARY,  M.A.,  D.C.I,. 

P.irt  i.     Books  i.,  ii.  (The  Clio  and  Euterpe),  zs. 

Part  2.     Books  iii.,  iy.  (The  Thalia  and  Melpomene),  2s. 

Part  3.     Books  v.-yii.  (The  Terpsichore,  Erato,  and  Polyrania),  2s.1 

Part  4.     Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.     Notes  by  H.  YOUNG,     is. 

20.  Sophocles :    Antigone.     From  the  Text  of  DINDORF.     Notes,  i 
Critical  and  Explanatory,  by  the  Rev.  JOHN  MILNER,  B.A.    as. 

23.  Euripides  :  Hecuba  and  Medea.     Chiefly  from  the  Text  of  Dix- 
.     With  Notes    Critical  and  Explanatory,  by  AV.  BROVVNRIGG  SMIMI, 
M.A.,  F.K.G.S.     is.  6d. 

26.  Euripides:  Alcestis.  Chiefly  from  the  Text  of  DINDORF.  With 
Notes,  Critical  and  Explanatory,  by  JOHN  MII.NBR,  B.A.  is.  6d. 

30.  ./Eschylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From.  ] 
\t  of  DINDORF.  Edited,  with  English  Notes,  Critical  and  Explanatory,,  j 
by  the  Rev.  JAMES  DAVIBS,  M.A.     is. 

32.  -<Eschylus  :  Septem  Contra  Thebes  :  The  Seven  against  Thebes..  ; 
From  the  Text  of  DINDORF.     Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  JAMBS  DAVIES,  M.A.    is. 

40.  Aristophanes :   Acharnians.     Chiefly  from  the  Text  of  C.  H. 

.     With  Notes,  by  C.  S.  T.  TOWNSHHND,  M.A.     is.  6d. 

41.  Thucydides:  History  of  the  Peloponnesian  War.     Notes  by  H. 

o,    r.ook  i.    is. 

42.  Xenophon's  Panegyric  on  Agesilaus.    kotes  and  Intro- 
duction by  Li..  F.  "W.  JKWITT.    is.  6d. 

43.  Demosthenes.     The  Oration  on  the  Crown  and  the  Philippics. 
"With  English  Notes.     By  Kcv.  T.  11.  I..  I.I.AKV,  D.C.I...  formerly  S(  i 

id.     is.  6d. 
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